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SUMMARY
The n o n - f l a m m a b i l i t y  p r o p e r t i e s  o f  h a lo g e n a t e d  p o ly m e r ic  m a t e r i a l s  
has  been  g iv e n  a g r e a t  d e a l  o f  a t t e n t i o n  i n  th e  l a s t  few y e a r s ,  t h e i r  
th e rm a l  d e c o m p o s i t io n  and th e r m a l  s t a b i l i t y  p r o p e r t i e s  h a v in g  b e e n  o f  
p a r t i c u l a r  i n t e r e s t .
T h is  p r e s e n t  work i n v o lv e s  th e  th e r m a l  d e g r a d a t i o n  o f  2 ,3  -  d ib rom o- 
p r o p y l  m e t h a c r y l a t e  ( 2 ,3  -  D B P M ) and 2 ,3  -  d ib ro m o p ro p y l  a c r y l a t e  
( 2 ,3  -  D B P A) i n  d i f f e r e n t  copo lym er  and  po lym er  b l e n d  e n v i r o n ­
m en ts .
A b r i e f  d e s c r i p t i o n  o f  t h e  v a r i o u s  ways i n  w h ich  a f i r e  r e t a r d a n t  may 
e f f e c t  a  b u r n in g  po lym er  i s  p r e s e n t e d  i n  C h a p te r  1. The p r e p a r a t i o n  
o f  p o ly m e r ic  m a t e r i a l s  i s  d e s c r i b e d  i n  C h a p te r  2 t o g e t h e r  w i t h  a 
d e s c r i p t i o n  o f  t h e  a p p a r a tu s  and e x p e r i m e n t a l  t e c h n i q u e s  w hich  were 
employed.
Two m ethods f o r  o b t a i n i n g  c o m p o s i t io n s  o f  t h e  copo lym ers  a r e  d e s ­
c r i b e d  and e v a l u a t e d  i n  C h a p te r  3 and r e a c t i v i t y  r a t i o s  f o r  th e  
comonomers a r e  r e p o r t e d .
C hap te r  4 r e p o r t s  t h a t  th e  th e r m a l  d e g r a d a t i o n  o f  P 2 ,3  -  D B P M i s  
p r i n c i p a l l y  a  d e p o ly m e r i s a t i o n  p r o c e s s  g i v i n g  monomer, a l t h o u g h  some 
e s t e r  d e c o m p o s i t io n  a l s o  o c c u r s .  On th e  o t h e r  hand  th e  th e r m a l  
d e g r a d a t io n  o f  P 2 ,3  -  D B P A y i e l d s  h y d ro g en  b ro m id e ,  ca rb o n  d i o x i d e ,  
a l l y l  b ro m id e ,  c h a in  f r a g m e n t s ,  a l c o h o l s  and some o t h e r  m in o i  
p r o d u c t s .
C h ap te r  5 p r e s e n t s  t h e  r e s u l t s  o f  a  s tu d y  o f  t h e  th e r m a l  d e g r a d a t i o n  
o f  copo lym ers  o f  2 ,3  -  D B P M and 2 ,3  -  D B P A w i t h  m e th y l  m etha­
c r y l a t e  (M M A ) . The p r e s e n c e  o f  compounds such  a s  m e th y l  b rom ide
and m e th a n o l  among th e  p r o d u c t s  p r o v id e s  e v id e n c e  f o r  i n t e r a c t i o n
i i i
betw een  th e  two monomer u n i t s  i n  th e  d e g r a d in g  copo lym er m o le c u le s .
A q u a l i t a t i v e  and q u a n t i t a t i v e  s tu d y  o f  th e  th e r m a l  d e g r a d a t i o n  o f
copolym ers  o f  2 , 3  -  D B  P M  and 2 ,3  -  D B P A w i t h  s t y r e n e  ( 5  ) i s
d e s c r ib e d  i n  C h a p te r  6 , and s u g g e s t s  t h a t  no i n t e r a c t i o n  t a k e s  p l a c e  
be tw een  e i t h e r  o f  t h e s e  monomer u n i t s  d u r in g  th e  copo lym er decom posi­
t i o n .
C h a p te r  7 d e s c r i b e s  th e  th e rm a l  d e g r a d a t i o n  o f  copo lym ers  o f
2 ,3  -  D B P M and  2 ,3  -  D B P A w i t h  m e th y l  a c r y l a t e  (M A). I n  t h i s
c ase  i n t e r a c t i o n  b e tw e e n  th e  monomer u n i t s  r e s u l t s  m e th y l  b rom ide  and 
a n h y d r id e  s t r u c t u r e s .  S i m i l a r  s t r u c t u r e s  a l s o  o c c u r  i n  b l e n d s  o f  
P 2 ,3  -  D B P M an d P 2 ,3  -  D B P A w i t h  P M M A and  P M A (C h a p te r  8 ) .  
Mechanisms o f  a l l  t h e  d e c o m p o s i t io n s  and i n t e r a c t i o n s  a r e  p ro p o se d  
and d i s c u s s e d .
A l l  th e  r e s u l t s  a r e  sum m arised  i n  C h a p te r  9 , and  s u g g e s t i o n s  made 
f o r  f u t u r e  w ork .
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In  r e c e n t  y e a r s ,  th e  f l a m m a b i l i t y  p r o p e r t i e s  o f  m a t e r i a l s ,  e s p e c i a l l y  
s y n t h e t i c  o r g a n i c  p o ly m e rs ,  have  become a m a jo r  t o p i c  o f  r e s e a r c h  i n  
th e  com m erc ia l  and academ ic  f i e l d s  w i t h  t h e  a im  o f  p r o d u c in g  m a t e r i a l s  
which r e t a r d  t h e  b u r n in g  p r o c e s s .  The c h e m is t r y  o f  f i r e  r e t a r d a n t s  
c e n t e r s  a ro u n d  s i x  e l e m e n t s ,  na m e ly ,  p h o s p h o ro u s ,  a n t im o n y ,  c h l o r i n e ,  
b rom ine , b o ro n  and n i t r o g e n .
F i r e  r e t a r d a n t  p o ly m e r ic  m a t e r i a l s  can  be  d i v i d e d  i n t o  two g e n e r a l  
c l a s s e s  :
a .  Those i n  w hich  th e  f i r e  r e t a r d i n g  a g e n t  i s  i n  th e  fo rm  o f  an 
a d d i t i v e  w hich  i s  m ixed w i th  t h e  p o ly m e r .  An exam ple o f  t h i s  i s
1th e  i n c o r p o r a t i o n  o f  ammonium p o ly p h o s p h a te  i n t o  p o l y u r e t h a n e  foam s.
b . Those i n  w hich  th e  f i r e  r e t a r d a n t  i s  i n c o r p o r a t e d  i n t o  th e  
m ac ro m o le cu la r  c h a in  s t r u c t u r e  o f  th e  po lym er  d u r in g  th e  p o ly m e r i s a ­
t i o n  p r o c e s s .  F o r  exam p le ,  a c r y l i c  f i b r e s  w hich a r e  b a s i c a l l y  p o l y -  
a c r y l o n i t r i l e  may i n c o r p o r a t e  some v i n y l i d e n e  c h l o r i d e  o r  v i n y l  
brom ide^ as  comonomers.
There  a r e  v a r i o u s  g e n e r a l  m echanism s o f  f i r e  r e t a r d a n c e  i n  p o ly m e r ic  
m a t e r i a l s
i .  A h e a t  b a r r i e r  may be form ed b y  p h y s i c a l l y  c o v e r in g  th e  po lym er  
w i th  a  r e f l e c t i n g  in tu m e s c e n t  c o a t i n g  w hich  r e d u c e s  h e a t  t r a n s f e r  
from th e  h e a t  s o u rc e  to  th e  p o ly m er  so  t h a t  po lym er  d e g r a d a t i o n  i s  
i n h i b i t e d .
i i .  The c o n c e n t r a t i o n  o f  c o m b u s t ib le  g a se s  may be d i l u t e d  by  th e  
p r o d u c t i o n  o f  i n e r t  s p e c i e s  such  a s  c a rb o n  d i o x id e  and n i t r o g e n .
i i i .  A d u s t  may be p ro d u ce d  w h ich  a c t s  a s  a  h e te r o g e n e o u s  c a t a l y s t
2i n  d e a c t i v a t i n g  th e  r a d i c a l s  i n v o lv e d  i n  f lam e p r o p a g a t io n .
i v .  The p r o p o r t i o n  o f  v o l a t i l e  in f la m m ab le  p r o d u c t s  may be r e d u c e d  
and th e  p r o p o r t i o n  o f  i n v o l a t i l e  c h a r  i n c r e a s e d .
v . The d e g r a d a t i o n  and d e c o m p o s i t io n  r e a c t i o n s  may be  m o d i f ie d  to  
p roduce  n o n - f la m m ab le  v o l a t i l e s  ( u s u a l l y  h a lo g e n a t e d  s p e c i e s ) .  The 
l a s t  o f  t h e s e  i s  p e rh a p s  th e  m ost im p o r ta n t  o f  th e  f lam e  r e t a r d a n t  
mechanisms b e c a u s e  o f  th e  r e l a t i v e l y  s m a l l  p r o p o r t i o n  o f  c h e m ica l  
f lam e r e t a r d a n t  r e q u i r e d  f o r  a s i g n i f i c a n t  e f f e c t .  U n l ik e  i n e r t  g a s e s ,  
h a lo g e n s  o r  h a lo g e n  d e r i v a t i v e s  s t r o n g l y  a f f e c t  th e  f lam e  v e l o c i t y  in  
c o n c e n t r a t i o n s  o f  l e s s  th a n  one p e r  c e n t .  The f lam e  p r o p a g a t in g  
c y c le  i n v o lv e s  r a d i c a l  s p e c i e s  such  a s  H and OH r a d i c a l s .  H alogen  
compounds r e a c t  w i t h  t h e s e  r a d i c a l s  i n  th e  f o l l o w i n g  way :
The r a d i c a l  R» w i l l  b e  l e s s  r e a c t i v e  t h a n  th e  H* r a d i c a l  w hich  i t  
r e p l a c e s  so t h i s  s u b s t i t u t i o n  r e s u l t s  i n  f lam e  i n h i b i t i o n .  The 
e f f e c t i v e n e s s  o f  h a lo g e n  compounds a s  f l a m e - r e t a r d a n t s  i s  i n  o r d e r  
I  , B r^  C l ^  F . Bromine a c t i n g  p r i m a r i l y  i n  t h e  f la m e  z o n e ,  w h i l e  
c h l o r i n e  f u n c t i o n s  p a r t i a l l y  i n  s lo w in g  c o ndensed  p h a s e  r e a c t i o n s .  
Bromine i s  found  t o  be  tw ic e  a s  e f f e c t i v e  a s  c h l o r i n e  on a  w e ig h t  
b a s i s  o r  a b o u t  f o u r  t im e s  on a mole b a s i s .  The e v o l u t i o n  o f  h a l o ­
g e n a te d  p y r o l y s i s  p r o d u c t s  a l s o  rem oves h e a t  from  th e  f lam e  r e a c t i o n  
zone w hich  i n  t u r n  a s s i s t s  i n  th e  i n h i b i t i o n  o f  f u r t h e r  co m b u s t io n .  
The work d e s c r i b e d  i n  t h i s  t h e s i s  i s  c o n c e rn e d  w i t h  t h e  p r o d u c t s  and 
mechanisms o f  d e g r a d a t i o n  o f  th e  hom opolym ersand some c o po lym ersand  
b le n d s  o f  t h e  two b rom ine  c o n t a i n i n g  monomers, 2 ,3  -  d ib ro m o p ro p y l  
m e t h a c r y l a t e  ( 2 ,3  -  D B P M) and 2 ,3  -  d ib ro m o p ro p y l  a c r y l a t e
RX + H- HX + R.
(2 ,3  -  D B P A ) .
c h3
c h 2= c
o "  xO -C H 2-C H B r -C H 2Br 
2 , 3 -D B P M
CH2=C
0 * Cs0 -C  H2-  C H Br- c H2 Br
H
I
2 ,3 -D BPA
3I t  i s  a n t i c i p a t e d  t h a t  s t u d i e s  o f  t h i s  k in d  may p r o v id e  a b e t t e r  
u n d e r s t a n d in g  o f  th e  c h e m is t r y  and r e a c t i o n  mechanism in v o lv e d  i n  
e x i s t i n g  com m erc ia l  f i r e - r e t a r d a n t  sy s tem s  and c o n t r i b u t e  t o  a  fund  
o f  i n f o r m a t io n  w hich  may a s s i s t  i n  th e  f o r m u la t io n  o f  new f i r e -  
r e t a r d i n g  po lym er  s y s te m s .  Such s t u d i e s  s h o u ld  make i t  p o s s i b l e  
to  d e te rm in e  th e  optimum c o n d i t i o n s  f o r  maximum e f f e c t i v e n e s s  o f  t h e  
f i r e - r e t a r d a n t  w i t h  minimum l o s s  o f  th e  p h y s ic a l .  p r o p e r t i e s  o f  th e  
p a r e n t  p o ly m e r .  The d e g r a d a t i o n  r e a c t i o n s  w ere  c a r r i e d  o u t  e i t h e r  
unde r  h i g h  vacuum c o n d i t i o n s  o r  i n  a  dynamic i n e r t  a tm o s p h e re ,  to  
a s s i s t  i n  th e  rem oval o f  p r im a ry  d e c o m p o s i t io n  p r o d u c t s ,  and to  s tu d y  
th e  p r im a ry  c h e m ica l  p r o c e s s e s  w hich t a k e  p l a c e  d u r in g  th e  t h e r m a l  
d e c o m p o s i t io n  s t a g e .
A q u a l i t a t i v e  and q u a n t i t a t i v e  s tu d y  o f  th e  d e g r a d a t i o n  p r o d u c t s  
was c a r r i e d  o u t  i n  o r d e r  to  d e te r m in e  th e  n a t u r e  and e x t e n t  o f  any 
i n t e r a c t i o n s  w hich  may o c c u r  b e tw een  th e  comonomer u n i t s  o r  be tw een  
th e  mixed p o ly m e rs .  These s t u d i e s  w i l l  u l t i m a t e l y  l e a d  n o t  o n ly  
to  an u n d e r s t a n d in g  o f  t h e  m echanism  o f  d e g r a d a t i o n  o f  t h e  v a r i o u s  
copolym ers  and b l e n d s  b u t  a l s o  p r o v id e  u s e f u l  i n f o r m a t io n  on th e  
r e s p e c t i v e  homopolymer d e c o m p o s i t io n  m echanism . I t  i s  a n t i c i p a t e d  
t h a t  i n f o r m a t io n  o f  t h i s  k i n d  w i l l  be  r e l e v a n t  to  t h e  u s e  o f  b rom ine  




T his  c h a p te r  w i l l  i n c l u d e  i n f o r m a t i o n  on th e  p u r i f i c a t i o n  o f  monomers, 
th e  p r e p a r a t i o n  o f  po ly m ers  and  th e  th e r m a l  a n a l y s i s  t e c h n iq u e s  and 
a n a l y t i c a l  eq u ip m e n t  u s e d  i n  th e  q u a l i t a t i v e  and q u a n t i t a t i v e  d e t e r -  
m in a t io n  o f  th e  d e g r a d a t i o n  p r o d u c t s .
2 . 2 MATERIALS
i .. P u r i f i c a t i o n  o f  Monomers
a .  2 ,3  -  D ib rom opropy l m e t h a c r y l a t e  ( 2 ,3  -  D B P M) and 2 ,3  -  
d ib rom opropy l  a c r y l a t e  ( 2 ,3  -  D B P  A) ( P o ly s c i e n c e s  L td )  were 
p u r i f i e d  by d i s t i l l a t i o n  u n d e r  vacuum a s  shown i n  f i g u r e  2 . 1 , u s in g  
h yd roqu inone  a s  i n h i b i t o r .
b .  M ethyl m e t h a c r y l a t e s  (M M A) (Hopkin and W il l ia m s  Ltd.) , s t y r e n e  
(S) (B P C hem ica ls  I n t e r n a t i o n a l  Ltd.) and m e th y l  a c r y l a t e  (M A) (BDH 
C hem icals  L td .) ,  w ere  washed w i t h  c a u s t i c  soda  s o l u t i o n  to  remove th e  
i n h i b i t o r ,  s u b s e q u e n t ly  w i t h  d i s t i l l e d  w a te r  and d r i e d  o v e r  c a lc iu m  
h y d r id e .  The monomers w ere  vacuum d i s t i l l e d  t w i c e ,  th e  f i r s t  and 
l a s t  2 0 % b e in g  e l i m i n a t e d .
A l l  th e  monomers were s t o r e d  i n  th e  d a rk  a t -1 8 ° C  u n t i l  u s e d .
i i .  P u r i f i c a t i o n  o f  I n i t i a t o r
2 ,2  - A z o b i s i s o b u t y r o n i t r i l e  (AIEN) (Eastom an Kodak) was u se d  as  
i n i t i a t o r  (0 .1  p e r  c e n t  ~ ) f o r  a l l  p o l y m e r i s a t i o n s .  I t  was p u r i f i e d  
by  d i s s o l v i n g  i n  h o t  e th o n o l^ a n d  f i l t e r i n g .  The s o l u t i o n  was l e f t  
to  c o o l ,  th e  c r y s t a l s  o f  th e  p u r e  m a t e r i a l  b e in g  c o l l e c t e d  by  f i l ­
t r a t i o n  and d r i e d  u n d e r  vacuum.
To P u m p s
P u r i f i c a t i o n  A p p a r a tu s .
(a)  W ater b a th
(c)  Thermometer
(e )  P u r i f i e d  monomer
(g) F la n g e
(b) U n p u r i f i e d  monomer w i t h  s t i r r e r
(d) L iq u id  n i t r o g e n  Dewer f l a s k
( f )  P i r a n i  gauge
(h) S topcock
6i i i .  P u r i f i c a t i o n  o f  th e  S o lv e n t  
M ethyl a c e t a t e  (B D H L td )  was u se d  as  s o l v e n t  i n  th e  p o l y m e r i s a t i o n s .  
I t  was p u r i f i e d  by d r y in g  o v e r  c a lc iu m  h y d r id e  f o r  f o u r  days and tw ice  
d i s t i l l e d  u n d e r  vacuum, th e  f i r s t  and l a s t  2 0 % b e in g  e l i m i n a t e d .
2. 3 PREPARATION and PURIFICATION o f  t h e  POLYMERS
i .  P r e p a r a t i o n  o f  Homopolymers and Copolym ers
The f o l l o w i n g  homopolymers and copo lym ers  were p r e p a r e d
HOMOPOLYMERS COPOLYMERS
a .  2 ,3  - D B P M e . 2 ,3  -  D B P M -  M M A
b . 2 ,3  - D B P A f . 2 ,3  -  D B P A -  M M A
c .  M M A g- 2 ,3  -  D B P M -  S
d . M A h . 2 ,3  -  D B P A -  S
i . 2 ,3  -  D B P M -  M A
j  • 2 ,3  -  D B P A -  M A
These homopolymers and  copo lym ers  w ere  p r e p a r e d  b y  f r e e  r a d i c a l
50 Vi n i t i a t i o n  u s in g  m e th y l  a c e t a t e  (—  % as  s o l v e n t .  F iv e  d i f f e r e n t  
c o m p o s i t io n s  o f  e a c h  copo lym er were p r e p a r e d  so  t h a t  t h e  r e a c t i v i t y  
r a t i o s  m ig h t  be d e te rm in e d  as  d e s c r i b e d  i n  C h a p te r  3. A f t e r  d e g a s ­
s in g  th e  monomers and  th e  s o l v e n t  u n d e r  vacuum i n  g r a d u a t e d  r e s e r 7  
v o i r s ,  th e  m id d le  f r a c t i o n s  o f  th e  monomers and th e  s o l v e n t  were 
d i s t i l l e d  i n t o  p y r e x  d i l a t o m e t e r s  w i th  1 0  ml g r a d u a t e d  s tem s
. . .  W
c o n ta i n in g  th e  r e q u i r e d  w e ig h t  o f  i n i t i a t o r  ( o . 1 % —) ,  and  s e a l e d  o f f  
unde r  vacuum. The p o l y m e r i s a t i o n s  were c a r r i e d  o u t  i n  a  t h e r m o s t a t  
a t  60° ± 0 .0 2 °C  t o  a b o u t  10% c o n v e r s io n  f o r  t h e  homopolymers and 5% 
c o n v e rs io n  f o r  t h e  c o p o ly m e rs .  The po lym ers  w ere  p r e c i p i t a t e d  t h r e e  
t im es  from  c h lo r o f o rm  s o l u t i o n  by m e th a n o l  and d r i e d  i n  a  vacuum oven 
f o r  f o u r  days  a t  50 C.The homopolymers and copo lym ers  w ere  i n  th e  form
o f  w h i te  powders e x c e p t  2 , 3 - D B P M - M A  copo lym ers  w i t h  h ig h  
p r o p o r t i o n s  o f  M A , P 2 ,3  -  D B P A and 2 ,3  -  D B P A copolym ers
w i th  h ig h  c o n c e n t r a t i o n s  o f  2 , 3  -  D B P A w hich  w ere  ru b b e r y  i n  
t e x t u r e .
i i . P r e p a r a t i o n  o f  th e  B len d s
B lends o f  a .  P 2 ,3  -  D B P M and P M M A; b .  P 2 ,3  -  D B P A and 
P M M A; c .P 2 ,3  -  D B P M and P M A; d . P2,3- -  D B P A and P M A 
were p r e p a r e d  by d i s s o l v i n g  e q u a l  amounts o f  e a ch  homopolymer i n  a 
sm a l l  amount o f  c h lo r o f o rm .  The two s o l u t i o n s  w ere  th e n  th o ro u g h ly  
mixed and th e  s o l v e n t  removed u n d e r  vacuum l e a v i n g  a t h i n  f i l m .
2 . 4 THERMAL METHODS OF ANALYSIS
i .  T h e rm o g ra v im e tr ic  A n a ly s i s  (T G A)
T G A was c a r r i e d  o u t  on a  Du P o n t  951 i n s t r u m e n t  u s in g  5 mg sam p les  
and a h e a t i n g  r a t e  o f  10°/m in  from  a m b ie n t  t e m p e r a tu r e  to  500°C i n  
a  dynamic a tm o sp h e re  o f  n i t r o g e n  (50 m l/m in  ) .
i i .  D i f f e r e n t i a l  S c a n n in g  C & lourm etry  (D S C)
D S C  c u rv e s  w ere  o b t a i n e d  u s in g  a  Du P o n t  990 i n s t r u m e n t  and w i t h  
th e  same c o n d i t i o n s  as  f o r  T G A.
i i i .  D i f f e r e n t i a l  Therm al A n a ly s i s  (D T A)
A Du P o n t  900 in s t r u m e n t  was u s e d  to  o b t a i n  D T A c u rv e s  w i t h  s m a l l  
g l a s s  b e a d s  a s  r e f e r e n c e .  The sam ple was h e a t e d  a t  10°/m in  from  
am b ien t  t e m p e ra tu re  to  500°C i n  a  n i t r o g e n  f lo w  (80 m l/m in  ) .
i v .  Therm al V o l a t i l i s a t i o n  A n a ly s i s  (T V A)
T V A h a s  b e e n  u se d  to  s tu d y  t h e  d e g r a d a t i o n  p r o p e r t i e s  o f  many
. 6 ,7p o lym ers  and i s  now a w e l l  e s t a b l i s h e d  t e c h n i q u e .  F ig u r e  2 .2  shows 
a  s c h e m a tic  d ia g ra m  o f  th e  e x p e r i m e n t a l  l a y o u t .
The sam ples  a r e  h e a t e d  on th e  b a s e  o f  a  6 " long  g l a s s  t u b e ,  made 








































9F i g .2 . 3 .  T V A H e a t in g  Assembly
D e g r a d a t io n  tu b e  
Therm ocouple  
C o o l in g  j a c k e t  
Removable s o c k e t  j o i n t  
Oven













F 11 Oven, e q u ip p e d  w i t h  a l i n e a r  t e m p e r a tu r e  p rogram m er, a t  10 /m in 
from am b ien t  to  500°C, th e  te m p e ra tu re  b e in g  m easu red  by a chrome 1- 
a lum el th e rm o co u p le  f i x e d  n e a r  th e  b a s e  o f  th e  t u b e .  F ig u r e  2 .3  
shows th e  T V A h e a t i n g  a s se m b ly .  D u r in g  th e  e x p e r im e n t ,  th e  top  
o f  th e  tu b e  and th e  g r e a s e d  f l a n g e  j o i n t s  a r e  c o o le d  by a w a te r  
j a c k e t .  The v o l a t i l e  p r o d u c t s  o f  d e g r a d a t i o n  p a s s  a lo n g  f o u r  r o u t e s  
( g e o m e t r i c a l l y  e q u i v a l e n t )  i n  p a r a l l e l ,  e a ch  i n c o r p o r a t i n g  a t r a p  a t  
a d i f f e r e n t  t e m p e ra tu re * ^  ( 0 ° ,  -  4 5 ° ,  -  75° a n d —100 C r e s p e c t i v e l y ) .  
The f o u r  r o u t e s  th e n  p a s s  th ro u g h  a common t r a p  a t  -196°C . P i r a n i  
gauges (A -  E) a r e  p l a c e d  a f t e r  e a ch  t r a p  and t h e i r  o u t p u t s ,  a s  w e l l  
a s  th e  oven t e m p e r a t u r e ,  a r e  f e d ^ v i a  a  m u l t ih e a d  s w i tc h  u n i t  i n t o  a 
12 c h a n n e l  r e c o r d e r .  P i r a n i  gauges A, B, C and D g iv e  a n o n - l i n e a r  
m easure  o f  t h e  v o l a t i l e s  w hich  p a s s  th ro u g h  th e  r e s p e c t i v e  c o ld  t r a p s .  
P i r a n i  E r e c o r d s  t h e  r e s p o n s e  due to  n o n - c o n d e n s a b le  g a s e s .  The 
thermogram p ro d u c e d ,  t h e r e f o r e ,  i s  a  r e c o r d  o f  th e  r a t e  o f  v o l a t i l i ­
s a t i o n  o f  th e  p o ly m er  sam ple as  a  f u n c t i o n  o f  t e m p e r a t u r e .  I t  a l s o  
g iv e s  a  p r e l i m i n a r y  im p r e s s io n  o f  t h e  f e l a t i v e  d i s t r i b u t i o n  o f  con­
d e n s a b le  p r o d u c t s  from  th e rm a l  d e g r a d a t i o n  on th e  b a s i s  o f  t h e i r  
c o n d e n s a b i l i t y .  F ig u r e  2. 4 i l l u s t r a t e s  a  therm ogram  o b t a i n e d  u s in g  
th e  T V A t e c h n i q u e ^ *
v . Therm al v o l a t i l i s a t i o n  A n a ly s i s  a t  S ubam bien t T e m p era tu re  
( S A T V A)
For  any po lym er  d e g r a d a t i o n ,  th e  p r o d u c t s  may g e n e r a l l y  be  d i v id e d  
i n t o  f o u r  f r a c t i o n s : -
a .  The i n v o l a t i l e  r e s i d u e  w hich rem a in s  on th e  b a s e  o f  th e  d e g ra d a ­
t i o n  tu b e .  T h is  may u s u a l l y  be a n a ly s e d  by  i n f r a - r e d  s p e c t r o ­
scopy .
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b .  The v o l a t i l e  p r o d u c t s  w hich  do n o t  condense  a t  -196°C  (n o n -
c o n d e n s a b l e ) . These p r o d u c t s  can o n ly  be c o l l e c t e d  f o r
i d e n t i f i c a t i o n  u s u a l l y  by i n f r a - r e d  s p e c t r o s c o p y  o r  mass s p e c -
7
t r o s c o p y  a f t e r  d e g r a d a t i o n  m  a c lo s e d  sy s te m .
c .  P r o d u c ts  v o l a t i l e  o n ly  a t  oven t e m p e ra tu re  b u t  i n v o l a t i l e  a t  
a m b ie n t  t e m p e r a t u r e .  These  p r o d u c t s  condense  on th e  u p p e r  p a r t s  
o f  t h e  d e g r a d a t i o n  tu b e  ( c o ld  r i n g  f r a c t i o n s  C R F) and can 
u s u a l l y  be  removed by d i s s o l u t i o n  w i th  an a p p r o p r i a t e  s o l v e n t  f o r  
s u b s e q u e n t  a n a l y s i s .
d. P r o d u c ts  v o l a t i l e  a t  a m b ie n t  t e m p e r a tu r e  b u t  c o ndensed  a t  -196°C
( c o n d e n s a b le ) .  Subam bien t T V A (S A T V A) i s  a  t e c h n iq u e  w hich  
U , ] 2
has  b e e n  d e v i s e d  to  i s o l a t e  and  i d e n t i f y  th e  p r o d u c t s  i n  f r a c t i o n  
d on th e  b a s i s  o f  t h e i r  v o l a t i l i t y .  The S A T V A equ ipm en t  i s  
i l l u s t r a t e d  i n  f i g u r e s  2 .5  and  2 .6 .
Thermal d e g r a d a t i o n  i s  c a r r i e d  o u t  u n d e r  c o n t in u o u s  pumping c o n d i ­
t i o n s .  A f t e r  a  good vacuum (10 ^ t o r r )  i s  a c h ie v e d  w i t h  a l l  t a p s  
open, t r a p  A i s  s u r ro u n d e d  by  l i q u i d  n i t r o g e n .  The programmed oven 
te m p e ra tu re  ( 1 0 ° /m in )  i s  fed , v i a  a  m u l t ih e a d  s w i tc h  u n i t  i n t o  a  1 2  
ch an n e l  r e c o r d e r ,  th e  c o n d e n sa b le  p r o d u c t s  b e in g  r e t a i n e d  i n  t r a p  A. 
A f t e r  th e  r e q u i r e d  t e m p e r a tu r e  i s  r e a c h e d ,  t a p s  a  and c a r e  
c lo s e d  and th e  l i q u i d  n i t r o g e n  t r a n s f e r r e d  to  tu b e  B i n t o  w h ich  th e  
c o n d e n sa b le  p r o d u c t s  d i s t i l .  Com plete  t r a n s f e r  o f  p r o d u c t s  from  A 
to  B i s  checked  by  o b s e r v in g  th e  p r e s s u r e  i n  P i r a n i s  1 and 2 . Tap 
b i s  th e n  c l o s e d  and t a p  c opened  t o . t h e  pumps. By rem oving  l i q u i d  
n i t r o g e n  from  tu b e  B th e  p r o d u c t s  a r e  a l lo w e d  to  d i s t i l  s lo w ly  i n t o  
t r a p  C w hich  i s  s u r ro u n d e d  by l i q u i d  n i t r o g e n .  As e a c h  p r o d u c t  
d i s t i l s ,  P i r a n i  2 m easu res  a change i n  th e  p r e s s u r e  w h ich  i s  d i s p l a y e d  
as  a  s e r i e s  o f  p e a k s  on th e  r e c o r d e r  d e p e n d in g  upon th e  v o l a t i l i t y  o f
13
Heated
S a m p l e
To Pump
4-
P ig .  2.5. Subam bient T V A A p p a ra tu s
1 ,2  and 3 P i r a n i  gauges 
A and C U t r a p s
B Tube s u r ro u n d e d  by b e n z en e  o r  p —x y le n e  
D Gas c e l l  o r  c o ld  f i n g e r  
E H e a t in g  sy s te m  as  shown i n  f i g u r e  2 .3  
a ,  b ,  c ,  d ,  e and f  S topcocks
To Tube C
Fig.  2 . 6 .  D e t a i l s  o f  tu b e  B shown i n  f i g u r e  2 .5  f o r  
su b a m b ie n t  T V A a p p a r a tu s
t  Chromel a lu m e l  th e rm o co u p le  l e a d s
F P y re x  g l a s s  round  b o ttom ed  tu b e  
G Benzene o r  p—x y le n e  
H Sample tu b e  w i th  34 j o i n t
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th e  v a r i o u s  c o n d e n sa b le  p r o d u c t s .  I t  i s  e a s y  to  s e p a r a t e  th e  p r o ­
d u c ts  i n  e a c h  peak  f o r  q u a l i t a t i v e  o r  q u a n t i t a t i v e  a n a l y s i s  by s u r ­
ro u n d in g  tu b e  B w i th  l i q u i d  n i t r o g e n  and c l o s i n g  t a p s  c and e .
The p r o d u c t s  a r e  a l lo w e d  to  condense  i n  th e  gas c e l l  o r  i n  th e  c o ld  
f i n g e r  D w h ich  i s  s u r ro u n d e d  w i t h  l i q u i d  n i t r o g e n ,  by rem oving  th e  
l i q u i d  n i t r o g e n  from  t r a p  C and  o b s e r v in g  th e  p r e s s u r e  i n  P i r a n i  3.
In  t h i s  way i d e n t i f i c a t i o n  o f  a l l  c o n d e n sa b le  d e g r a d a t i o n  p r o d u c t s  
may be a c h ie v e d .
2. 5 ANALYTICAL TECHNIQUES
i .  I n f r a - r e d  S p e c t ro s c o p y  ( I  R)
S p e c t r a  w ere  r e c o r d e d  on a P e r k in - E lm e r  257 g r a t i n g  s p e c t r o m e t e r , f o r  
e i t h e r  q u a l i t a t i v e  o r  q u a n t i t a t i v e  m easu rem en t.  Po lym er  sam ples  
were exam ined  i n  th e  form  o f  KBr d i s c s ,  i n  s o l u t i o n  u s in g  NaCl c e l l s  
o r  as  f i l m s  c a s t  on NaCl p l a t e s .  Cold  r i n g  f r a c t i o n s  w ere  ru n  i n  
s o l u t i o n  u s in g  CKCIl^ a s  s o l v e n t .  R e s id u e s  w ere  ru n  i n  th e  form  o f  
KBr d i s c s .  C ondensab le  p r o d u c t s  w ere  r e c o r d e d  a s  l i q u i d s  be tw een  
s a l t  p l a t e s  o r  i n  th e  gas p h a s e  u s in g  s m a l l  gas c e l l s  w i t h  NaCl 
windows (15 mm). N o n -c o n d e n sa b le  p r o d u c t s  w ere  r e c o r d e d  i n  th e  gas 
p h a s e .  I n f r a - r e d  s p e c t r o s c o p y  was a l s o  u se d  f o r  q u a n t i t a t i v e  
m easurem ent o f  t h e  g a seo u s  d e g r a d a t i o n  p r o d u c t s ,  nam e ly ,  h yd rogen  
b ro m id e ,  c a rb o n  d i o x i d e ,  p r o p e n e ,  m e th y l  b ro m id e ,  a l l y l  b rom ide  and 
m e th a n o l .  The t e c h n iq u e  u se d  f o r  t h i s  i s  shown i n  f i g u r e  2 .7  u s in g  
r e f e r e n c e  g a s e s .  By c h an g in g  th e  p r e s s u r e  i n  t h e  gas  c e l l ,  w hich 
can be m easu red  by  m ercu ry  m onom eter,  d i f f e r e n t  i t  p e a k  h e i g h t s  
can be  o b t a i n e d .  From th e  c o n v e r s io n  o f  t r a n s m i t t a n c e  t o  a b so rb a n c e  
o f  an a p p r o p r i a t e  peak  o f  e a c h  compound, t h e  o p t i c a l  d e n s i t y  can be 
c a l c u l a t e d .  F i g u r e s  2* 8  and 2. 9 show th e  o p t i c a l  d e n s i t y  v s  p r e s s u r e
15
To Pumps |
F i g .  2 . 7 .  A p p a ra tu s  employed f o r  c a l i b r a t i o n  o f  gas  c e l l
A : R e fe re n c e  gas  r e s e r v o i r
B : .  I  x  gas  c e l l
C : M ercury  f i l l e d  monometer tu b e s  o f  same b o r e
D : M ercury  r e s e r v o i r
a ,  b ,  c ,  d ,  e ,  f  and g S to p c o ck s
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(OD)
Ally I bromide(l220cm ) 
^  C02 (2350cm"1)
0.3
Propene (917 cm )
0.2 -
CHoBr(1320 cm )
20 12040 60 10080
P r e s s u r e ( m m  Hg)
R g .2 .8 .  I  r c a l ib r a t io n  p l o t  o f  some pure m a te r ia ls .
(OD)




P r e s s u r e  ( m m  Hg)
F i g . 2 . 9 ,  I  r  c a l i b r a t i o n  p l o t  o f  HBr.
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(mm Hg) r e l a t i o n s h i p  o f  th e  r e f e r e n c e  compounds. Knowing th e  
volume o f  t h e  gas c e l l ,  t h e  amount o f  e a c h  compound ( i n  m oles ) 
can be  c a l c u l a t e d  from  th e  gas e q u a t i o n  :
P V = n R T
where P ‘ t h e  p r e s s u r e  o f  th e  compounds (mm H g ) , V - volume o f  gas 
c e l l  (m l) ,  n  : number o f  m oles  o f  e a ch  compound^ R : gas  c o n s t a n t  
(ml cm Hg mole *K) and T t e m p e r a tu r e  (K ) .
i i .  Mass S p e c t ro s c o p y
An E l  MS 12 was u se d  to  a s s i s t  i d e n t i f i c a t i o n  o f  t h e  c o n d e n sa b le  and 
n o n -c o n d e n s a b le  d e g r a d a t i o n  p r o d u c t s .
i i i . N u c le a r  M ag n e tic  Resonance  S p e c t r o s c o p y  (N M R)
S p e c t r a  w ere  o b t a i n e d  from  a P e r k in - E lm e r  R32 90 M Hz S p e c t r o m e te r
u s in g  CDC1_ o r  CCl. as  s o l v e n t .  Ten i n t e g r a l s  were t a k e n  f o r  th e  3 4
d e t e r m i n a t i o n  o f  copo lym er c o m p o s i t io n s .
i v .  M ic r o a n a l y s i s
Bromine c o n t e n t s  were e s t i m a t e d  u s in g  a  p o t o n t i e m e t r i c  t i t r a t i o n
13method i n t r o d u c e d  by Cheng . T hree  v a l u e s  o f  b rom ine  c o n t e n t  f o r  
each  copo lym er w ere  t a k e n  to  g iv e  a  mean v a l u e  f o r  t h e  c a l c u l a t i o n  
o f  copo lym er c o m p o s i t io n s .
v .  M o le c u la r  W eight M easurem ent
Number A verage  M o le c u la r  W eigh ts  o f  t h e  p o ly m e rs  w ere  m easu red  on a 
H e w le t t - P a c k a r d  501 High Speed Membrane Osmometer w i t h  c e l l o p h a n e  
300 membrane and u s in g  to lu e n e  a s  s o l v e n t .
v i .  G a s -L iq u id  C hrom atography (g 1 c )
A P e r k in - E lm e r  F l l  g 1 c w i t h  f lam e  i o n i z a t i o n  a n a l y s e r  was u se d  f o r  
q u a n t i t a t i v e  m easu rem en ts  o f  th e  c o n d e n sa b le  and  c o ld  r i n g  f r a c t i o n s  
o f  d e g r a d a t i o n  p r o d u c t s  u s in g  a  s u i t a b l e  i n t e r n a l  s t a n d a r d .  A s e r i e s  
o f  p u re  sam p les  o f  e a ch  p r o d u c t  w ere  m ixed  w i t h  a known amount o f  t h e
18
i n t e r n a l  s t a n d a r d ,  1 ml o f  a nhyd rous  d i e t h y l  e t h e r ,  and  ru n  on th e
ch rom atog raph . A l i s t  o f  th e  columns em ployed and th e  c o n d i t i o n s
under  w hich  th e y  w ere  u se d  i s  g iv e n  i n  T a b le  2 . 1 .
T ab le  2 . 1. G L C Columns u se d  f o r  I n v e s t i g a t i o n  o f
D e g r a d a t io n  P r o d u c ts
Column Programme Use
5 f t .  |  i n c h  d i a m e te r i s o t h e r m a l  a t  90°C l i q u i d  v o l a t i l e s  &
1 0 % m icrowax on chrom o- some monomers
s o rb
ii i s o t h e r m a l  a t  140°C l i q u i d  v o l a t i l e s ,
s h o r t  c h a in  f r a g ­
m ent and some
monomers
1 0  f t .  |  i n c h  d ia m e te r i s o t h e r m a l  a t  250°C c o l d  r i n g  f r a c t i o n s
1 % 0 V1 on chrom osorb
The i n t e r n a l  s t a n d a r d  u s e d  i n  t h i s  s tu d y  was 2 -b ro m o e th y l  m etha­
c r y l a t e  (2 -  B E M).
The c a r r i e r  gas  was n i t r o g e n  a t  a  f lo w  r a t e  20 m l/m in .
F ig u re s  2. 10 and  2. 11 show c a l i b r a t i o n  c u rv e s  o f  some p u r e  m a t e r i a l s  





















































jj| of the pure materials
F i g . 2.10. G L C c a l i b r a t i o n  p l o t  o f  some p u r e  m a t e r i a l s  
u s in g  2 — B E M as  i n t e r n a l  s t a n d a r d .
2 ,3  -  d ib ro m o p ro p - l - e n e
2J0
2 ,3  -  d i b r o m o p r o p a n - l - o l
0.5
2 3 4 5
j j | of the p u r e  m a t e r i a l s
Pig. 2.11. G L C c a l i b r a t i o n  P l o t  o f  some p u r e  m a t e r i a l s  u s in g  
2 -  B E M as  i n t e r n a l  s t a n d a r d .
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CHAPTER 3 
DETERMINATION OF REACTIVITY RATIOS
3.1 INTRODUCTION
The r e a c t i v i t y  r a t i o s  f o r  2 , 3 -  D B P M and 2 , 3 — D B P A w i t h  o t h e r  
monomers have  n o t  b e e n  p r e v i o u s l y  r e p o r t e d .  The u s u a l  m ethod o f  
d e te r m in a t io n  o f  r e a c t i v i t y  r a t i o s  i n v o lv e s  p o l y m e r i s in g  a v a r i e t y  
o f  f e e d  c o m p o s i t io n s  to  low c o n v e r s io n .  The copo lym ers  a r e  i s o l a t e d  
and t h e i r  c o m p o s i t io n s  m ea su red .  Two m ethods o f  a n a l y s i s  o f  th e  
copolym ers were found  to  be  a p p r o p r i a t e ,  nam e ly ,  M ic r o a n a l y s i s  and 
N u c le a r  M agnetic  Resonance  S p e c t r o s c o p y .
3 .2  MICROANALYSIS
2 0  mg sam ples  o f  t h e  copo lym ers  a r e  s u f f i c i e n t  f o r  e s t i m a t i n g  b rom ine
c o n te n t s  u s in g  th e  p o t e n t i o m e t r i c  t i t r a t i o n  m ethod i n t r o d u c e d  by 
13Cheng. F ig u r e s  3. 1 to  3. 6  show th e  t h e o r e t i c a l  monomer c o m p o s i t io n s
o f  th e  copo lym ers  p l o t t e d  a g a i n s t  t h e  c o r r e s p o n d in g  p e r c e n ta g e
brom ine v a l u e s .  P e r c e n ta g e  b rom ine  d a t a  from  m i c r o a n a l y s i s  can  th e n
be i n s e r t e d  on th e  c u rv e s  and th e  c o r r e s p o n d in g  m o la r  r a t i o  r e a d  o f f
Ml .from th e  a b s c i s s a .  T ab le  3, 1 shows th e  m o la r  r a t i o s  —  m  th e
M2
copolym ers  o b t a i n e d  by  t h i s  m ethod .
3 .3  NUCLEAR MAGNETIC RESONANCE
N u c le a r  m a g n e t ic  r e s o n a n c e  s p e c t r a  w ere  o b t a i n e d  u s in g  a  P e r k i n -  
Elmer R32 90 M Hz S p e c t r o m e te r  w i t h  i n t e g r a t o r ,  u s in g  20 mg 
sam ples o f  c o p o ly m e rs .  The copo lym ers  2 , 3 -  D B P M-S and  2 , 3 -  
D B P A-S, were d i s s o l v e d  i n  1 ml o f  CCl^. A l l  o t h e r  copo lym ers
were d i s s o l v e d  i n  1 ml o f  C D 0 1 ^ .  Ten i n t e g r a l s  w ere  o b t a in e d  
f o r  each  sample and th e  a v e ra g e  u se d  f o r  t h e  c a l c u l a t i o n  o f  copo ­
lymer c o m p o s i t io n s .  The monomer c o m p o s i t io n s  o f  th e  copo lym er
21
AO
1 0  1 2  1 A 16 18 2 0  2 262 8A
M M ACopolymer monomer r a t i o  f o r  ^ — r 2 , 3 - D B P M
F j g .3.1. T h e o r e t ic a l  cu rv e  o f b rom ine
c o n te n t  V S copolym er monomer 
M M A
r a t i o  f o r  2 ,-3  -  b' B~ P~ li  coPo lym ers •
1 0  1 2  k  16 18 2 082 6A
Copolym er monomer r a t i o  f o r  p _^  ^J  D JT M
F i g , 3 .2 . T h e o r e t ic a l  c u rv e  o f b rom ine c o n te n t  
V S copo lym er monomer r a t i o  f o r
s ty r e n e _______
2 ,3  -  D B P M





A 7 8 9 102 53 6
M ACopolym er monomer r a t i o  f o r  ^ 3  _~"p p M
F i g . 3.3. T h e o r e t i c a l  c u rv e  o f b rom ine  c o n te n t  V S copolym er





8 10 12 1A 16 18 202 6A
Copolym er monomer r a t i o  f o r M M A2 ,3  -  D B P  A
Fig.3. A. T h e o r e t ic a l  cu rv e  o f  b rom ine 
co n te .n t V 
r a t i o  f o r
S copolym er monomer 
M M A
2 ,3  -  D B P A
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6 8 10 12 1A 16 18 202
s ty r e n eCopolym er monomer r a t i o  f o r  ^ -~ - q b~ "p " a
F ig .3*5. T h e o r e t ic a l  c u rv e  o f b rom ine c o n te n t  V S copolym er
_ s ty r e n e  monomer r a t i o  f o r  —  ------   *
\2 ,3  -  D B P A
2 6 8 10 12 1A 16 18 20
Copolym er monomer r a t i o  f o r M A2 ,3  -  D B P A
F ig . 3.61 T h e o r e t ic a l  c u rv e  o f b rom ine c o n te n t  V S copolym er
M Amonomer r a t i o  f o r 2 ,3  -  D B P A
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may be c a l c u la t e d  from  th e  r a t i o s  o f  th e s e  i n t e g r a l s  w hich a re
p r o p o r t io n a l  to  th e  num ber o f  p ro to n s  c o n t r i b u t i n g  to  th e  p e a k s .
T h is  m ethod h as  p r e v io u s ly  been used  to  d e te rm in e  th e  monomer c o n te n ts
14,15
in  v in y l  a c e t a t e  -  e th y le n e  copo lym ers b u t  r e a c t i v i t y  r a t i o s  w ere n o t
c a lc u la t e d .  I t  h a s  a l s o  been  u sed  p r e v io u s ly  to  d e te rm in e  th e  r e a c -
. . 16t i v i t y  r a t i o s  f o r  th e  s ty r e n e  -  MM A and m e th a c r y la te  -  a c r y l a t e
17 •copolym ers . F ig u re s  3 .7  and 3 .8  show th e  nmt s p e c t r a  o f  2 ,3  -
D B P M - M M A  and 2 , 3 - D B P M - S  copo lym ers r e s p e c t i v e l y .  In
f ig u r e  3 .7 ,  peak  A a t  4 .3 5  i s  due to  -O C ^^H B r -  p r o to n s  o f  2 ,3  -
D B P M o r  2 ,3  -  D B P A. Peak  B a t  3 .6 5  i s  a co m p o site  p e a k , due to
-OCHg p ro to n s  o f  th e  M M A o r  M A u n i t  and -CH^Br p ro to n s  o f  th e
2 ,3  -  D B P M o r  2 ,3  -  D B P A g ro u p . The i n t e g r a l  due to  th e  “ OCH^
p ro to n s  may be  c a lc u la t e d  by m u l t ip ly in g  th e  i n t e g r a l  v a lu e  o f  peak  A 
2by and s u b s t r a c t i n g  th e  r e s u l t s  from  th e  t o t a l  i n t e g r a l  due to  
peak  B.
Hence,
I  -OCH^CHBr — ° <  3 (num ber o f  2 ,3  -  D B P M o r  2 ,3  — D B P A  u n i t s  
in  th e  c h a in ) , and
I  -OCH^ oc. 3 (num ber o f  M M A o r  M A i n  th e  c h a in )
Then,
I  -OCH CHBr-
The m o la r  r a t i o  in  th e  copolym er = ______________
2  i  - o c h 3
In  f ig u r e  3. 8  p eak  A a t  7 .1 2  i s  due to  th e  f i v e  p ro to n s  i n  s ty r e n e .
Peaks B and C a t  4 .3 5  and 3 .85  a re  due to  -OCH^CHBr and -CH2Br r e s ­
p e c t i v e l y .  The i n t e g r a l  v a lu e  due to  p e a k s  A and B + C can  e a s i l y  
be e s t im a te d .
Hence,










































D B P A u n i t s  in  th e  c h a in )
and I * 1 ^ "  <X 5 (num ber o f  s ty r e n e  u n i t s  i n  th e  c h a in )
Then, H
M I  -OCH2 CHBr- + I  - C ^ B r  
The m o la r  r a t i o  i n  th e  copo lym er —  =____________________________
2 ■ :0 :
The r a t i o s  o b ta in e d  by  th e  above m ethod gave th e  v a lu e s  f o r  th e  copo­
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MFrom th e  v a lu e s  o f  n . ,  n and th e  m o la r r a t i o s   1_ i n  th e  c o p o -
M
2
lym er shown in  T ab les  3- 1 and 3 .2  r e a c t i v i t y  r a t i o s  w ere c a lc u la te d
18by u s in g  th e  e q u a tio n
f j  (1 -  2F ( ) = f 2  (F j -  1) r ,  + r 2  
(1 -  f ( ) F ] (1 -  f , ) 2 F ,
= M . M
w e re  1 —— 4——   (mole f r a c t i o n  o f  M , i n  polym er)
1 2
f  = n l
1   (mole f r a c t i o n  o f  Mi i n  fe e d )
n l + n 2
and Tj and r ^  a re  th e  r e a c t i v i t y  r a t i o s  f o r  th e  c o p o ly m e r is a t io n  o f
2 ,3 — D B P M o r  2 , 3 —D B P A w ith  MMA, S ty re n e  o r  MA r e s p e c t iv e ly -
P lo ts  o f  ^1 ^  2F j ) v e r s u s  (p -  ])
( 1  -  f  ) p  1____  F ig u re s  3- 9 ,  3- 11,
1 1  Cl -  f
3- 13, 3 . 15, 3. 17 and 3 , 19 and o f
f 2  ( 1  -  2 F2 ) v e rs u s  f 2  (F 2  -  1 )
     £n  f ig u r e s
( i  -  f 2) f 2  0  -  f 2 ) f 2
3. 10, 3 . 12, 3 . 14, 3 . 16, 3- 18 and 3 . 20 w h e re ,
F = ^ 2  ^ **1_____  (m ole f r a c t i o n  o f  M in  po lym er)
M2  /  Mj + 1
311  ^  ^ 2  — — ------  (mole f r a c t i o n  o f  M_ i n  fe e d )
n i + n 2  2
From th e  s lo p e s  and i n t e r c e p t s  r e a c t i v i t y  r a t i o  v a lu e s  may be
o b ta in e d  a s  shown in  T ab le  3- 3 .
Thus, m ic ro a n a ly s is  and n u c le a r  m ag n e tic  re so n a n c e  can  le a d  to  v a lu e s
o f  r e a c t i v i t y  r a t i o s  f o r  th e s e  copo lym er sy stem s w hich a r e  i n  good






f o rv e rs u s
( l - f , ) 2  F , < l - f , )  F,
2 , 3 - D B P M - M M A  co p o ly m ers .
- 5 0









Fig. 3.10. Graph o f f o rv e rs u s
2 , 3 - D B P M - M M A  copolym ers.






Fig.3-11. Graph of f o rv e rs u s
2 , 3 - D B P M -  S ty re n e  c o p o ly m ers .
0.4






Fig.3.12. Graph o f f o rv e rs u s
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F «g. 3-14- Graph o f f o rv e rs u s
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F i g .3.17. Graph o f f o rv e rs u s
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Fig- 3.19. Graph o f f o rv e rs u s
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THERMAL DEGRADATION o f  P 2 ,3  -  D B P M 
and P 2 ,3  -  D B P A HOMOPOLYMERS
4. 1 INTRODUCTION
The th e rm al d e g ra d a t io n  o f  P 2 ,3  -  D B P M and P 2 ,3  - D  B P  A homo­
polym ers have n o t  been  p r e v io u s ly  r e p o r te d .  In  t h i s  c h a p te r  th e  
th erm al d e g ra d a tio n  b e h a v io u rs  o f  th e s e  homopolymers w i l l  be d i s ­
c u sse d , t h e i r  d e g ra d a tio n  p ro d u c ts  r e p o r te d  e i t h e r  q u a l i t a t i v e l y  o r  
q u a n t i t a t i v e l y ,  and f i n a l l y  t h e i r  d e g ra d a tio n  m echanism s d is c u s s e d . 
The two hom opolym ers w ere p re p a re d  by th e  m ethods o u t l in e d  in  
C hap ter 2 . The Number A verage M o le c u la r  W e ig h ts  o f  th e  P 2 ,3  -  
D B P M and P 2 ,3  -  D B P A a re  443 ,000  and 390,000 r e s p e c t i v e ly .
4 . 2 THERMAL DEGRADATION OF P 2 ,3  -  D B P M
i • Therm al V o l a t i l i s a t i o n  A n a ly s is  (T V A)
The T V A therm ogram  o f P 2 ,3  -  D B.P M from  am bien t te m p e ra tu re  to
500°C ( f ig u r e  4. 1) shows a r e l a t i v e l y  sh a rp  m ain peak  fo llo w e d  by a
sm a ll b ro ad  p e a k . V o l a t i l i s a t i o n  s t a r t s  a t  197°C w ith  T a tmax
325°C and 405°C. A l l  th e  t r a c e s  a re  s e p a r a te d  to  some e x te n t ,  
s u g g e s t in g  t h a t  p ro d u c ts  w ith  a ran g e  o f  v o l a t i l i t i e s  a r e  b e in g  
e v o lv e d . The -196°C  t r a c e  i n d ic a te s  t h a t  a  n o n -co n d e n sa b le  f r a c t i o n  
i s  a ls o  b e in g  fo rm ed . A s u b s t a n t i a l  c o ld  r in g  f r a c t i o n  was c o lo u re d  
deep y e llo w  and was d is s o lv e d  in  c h lo ro fo rm  f o r  i n f r a - r e d  s p e c t r o ­
s c o p ic  a n a ly s i s .  A sm a ll amount o f  T e s id u e  rem ained  a t  500°C 
a c c o u n tin g  f o r  o n ly  6 % o f  th e  o r i g i n a l  w e ig h t.
i i .  T G, D T A and D S C
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T G curve o b ta in e d  u nder n i t r o g e n  h as  two d i s t i n c t  s ta g e s .  In  
th e  f i r s t  s t a g e ,  w e ig h t lo s s  s t a r t s  a t~ 2 0 0 ° C  and c o n tin u e s  to  340°C 
w ith  85% w e ig h t l o s s .  The maximum r a t e  o f  w e ig h t l o s s ,  shown by 
d e r iv a t iv e  equ ipm en t a s s o c ia te d  w ith  th e  T G a p p a r a tu s ,  o c c u rs  a t  
325°C. The second  s ta g e  re a c h e s  a maximum a t~ 4 0 0 ° C . Both D T A 
and D S C  c u rv e s  gave e n d o th e rm ic  peaks a t  325°C.
i i i .  P ro d u c t A n a ly s is  and Subam bient T V A
The d e g ra d a tio n  p ro d u c ts  o f  P 2 , 3 - D B  P M c o n s i s t  o f  a  number o f 
f r a c t i o n s .
a . The n o n -co n d e n sa b le  m a te r i a l s  w ere c o l l e c t e d  in  a c lo s e d  system  
a f t e r  d e g ra d a tio n  o f  s e p a r a te  sam ples a t  v a r io u s  te m p e ra tu re s  (3 0 0 ° , 
400° and 500°C) f o r  one h o u r . I n f r a - r e d  s p e c t r a  showed t h a t  carbon  
m onoxide, m ethane and p ropene  a re  form ed a t  a l l  th e s e  te m p e ra tu re s  
and t h i s  was co n firm ed  by m ass s p e c t r a l  m easurem ents ( f i g u r e  4 . 3 ) .
b .  The i n f r a - r e d  sp ec tru m  o f  th e  c o ld  r in g  f r a c t i o n  ( f i g u r e  4 .4 )
shows th e  fo rm a tio n  o f  a n h y d rid e  w hich i s  i n d ic a te d  by th e  s h o u ld e rs
- 1
a t  1795 and 1750 cm on th e  c a rb o n y l p eak .
c . The b la c k  r e s id u e  w hich rem a in s  on th e  b a se  o f  th e  d e g ra d a tio n  
tube  has  no w e l l  d e f in e d  i  r  s p e c t r a l  f e a tu r e s  and i s  assum ed to  be 
p r in c i p a l ly  c a rb o n .
d. The co n d e n sa b le  p ro d u c ts  w ere s u b je c te d  to  su bam bien t T V A as 
d e s c r ib e d  in  C h a p te r  2 ,  w ith  th e  r e s u l t  shown i n  f ig u r e  4 .5 .  I  r  
and mass s p e c t r a  f o r  th e  m a t e r i a l  in  peaks 1 and 2  com bined a re  shown 
in  f ig u r e  4 .6  and 4 . 7 ( a ) .  Mass s p e c t r a  and g 1 c d a ta  f o r  th e  
m a te r ia l  in  p eaks3  and 4 a re  shown in  f ig u r e s  4 . 8 ( a ) ,  4 . 8 ( b ) ,  and 
4 .9 . The mass s p e c t r a  o f  some r e f e r e n c e  m a te r i a l s  a r e  shown in  
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o f P 2 ,3 —D B P M have been i d e n t i f i e d  as  in  T ab le  4 .1 ,  a lth o u g h  
th e  u n a v a i l a b i l i t y  o f  some r e f e r e n c e  compounds means t h a t  th e  
i d e n t i t i e s  o f  some o f  th e  m inor p ro d u c ts  have been  a s s ig n e d  o n ly  
t e n t a t i v e l y  from  th e  mass s p e c t r a l  d a ta .  These p ro d u c ts  a re  
in d ic a te d  by * .
TABLE 4.1 . DEGRADATION PRODUCTS OF P 2 , 3 “ D B P M
D e g ra d a tio n
f r a c t i o n P ro d u c ts
M ethods o f  
a n a ly s i s
N on-condensab le  
m a te r ia ls  
C R F 
R esidue 
C ondensable 
m a te r ia ls  :
Peak 1 (S A T V A ) 
Peak 2 (S A T V  A ) 
Peak 3 (S A T V A )
CH^  , CO , p ro p en e
P o ly  ( m e th a c ry lic  a n h y d rid e )
Carbon
C02  , HBr
A l ly l  b rom ide CH2  = CH-CH^Br 
H2 0  , B r2  
M e th a c ry l ic  a c id
A l ly l  m e th a c ry la teCH3
CH2=C
6'co- ch2- ch=ch2 
1 > 2  -  d ibrom opropane
CH2  Br -  CH Br -  C H 3
Iso m e ric  d ib rom opropenes
I  R & M S
I  R i n  s o lu t io n  
I  R ( KBr d i s c )
I  R & M S 
I  R & M S 
I  R & g 1 c 
M S & g 1  c
M S & g 1  c 
M S & g 1  c
M S & g 1  c
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C o n t'd  TABLE 4 .1 .
D eg rad a tio n
f r a c t i o n P ro d u c ts
M ethods o f  
a n a ly s i s
Iso m e ric  m onobrom opropenyl 
m e th a c ry la te s  * M S






2 ,3  d ib rom opropy l m etha­
c r y l a t e  (monomer) M S  & g 1  c
The te m p e ra tu re  ran g e s  o v e r  w hich th e  v a r io u s  d e g ra d a tio n  p ro d u c ts  
were ev o lv ed  w ere i d e n t i f i e d  as fo llo w s  A sam ple o f  P 2 ,3 -  
D B P M was h e a te d  in  th e  subam bien t T V A a p p a ra tu s  from  am b ien t 
tem p e ra u tre  to  210°C u n d e r vacuum and un d er programmed c o n d it io n s  o f 
10°C/min. The sam ple was h e ld  a t  t h i s  te m p e ra tu re  and th e  v o l a t i l e  
f r a c t i o n  was s u b je c te d  to  S A T V A. The sam ple was th e n  programmed 
up to  220°C, and th e  p ro c e s s  r e p e a te d .  S u c c e ss iv e  te m p e ra tu re  i n ­
c re a s e s  gave th e  s e r i e s  o f  S A T V A c u rv e s  shown in  f ig u r e  4 .1 0 .
I t  i s  seen  t h a t  peak  1 f i r s t  ap p eared  a t  a  much h ig h e r  te m p e ra tu re  
th an  th e  o th e r  th r e e  p e a k s . Up to  320°C, peak  1 c o n s i s t s  o f  HBr 
o n ly , a f t e r  w hich CC  ^ i s  form ed c o n tin u o u s ly  to  500°C. No HBr was 
formed above 400°C.
iv .  Q u a n t i ta t iv e  M easurem ent o f  D e g ra d a tio n  P ro d u c ts
I n f r a - r e d  s p e c tro sc o p y  and g 1 c w ere used  f o r  q u a n t i t a t i v e  a n a ly s i s
o f  th e  d e g ra d a tio n  p ro d u c ts  a s  d e s c r ib e d  in  C h a p te r  2 . I  r  was u sed









Pig-4.10* Subam bient T V A c u rv e s  f o r  d e g ra d a tio n  p ro d u c ts  o f  a  s in g le
sam ple o f P 2 ,3  -  D B P M ( f o r  programmed d e g ra d a t io n  u n d er vacuum 
from  am bien t to  s u c c e s s iv e ly  h ig h e r  te m p e ra tu re s  a t  10°C/min ,
50 mg sam ple s i z e ) .  Sample h e ld  a t  each  te m p e ra tu re  w h ile  
p ro d u c ts  w ere c o l l e c t e d  f o r  S A T V A.
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f o r  peaks 1 and 2 in  th e  S A T V A and g 1 c f o r  peaks 3 and 4.
In  th e  l a t t e r  c a s e ,  some m inor p ro d u c ts  w ere u n a v a i la b le  f o r  c a l i b r a ­
t io n  p u rp o se s ,a n d  e s t im a te d  r e t e n t i o n  tim es  and s e n s i t i v i t i e s  w ere 
used b a se d  on b o i l i n g  p o in ts  and d a ta  f o r  s t r u c t u r a l l y  s im i la r  
compounds. These p ro d u c ts  a re  i n d ic a te d  by * in  T ab le  4 .2 ,  w hich 
g iv es  th e  r e s u l t s  f o r  programmed d e g ra d a tio n  from  am b ien t te m p e ra tu re  
to  500°C. V alues m arked * sh o u ld  be regarded ., a s  o n ly  q u a l i t a t i v e .
T able  4 .2 .  QUANTITATIVE ANALYSIS OF THE PRODUCTS OF DEGRADATION 
OF P 2 ,3  -D  B P M (2 0 ° -  500°C a t  10°/m in )
P ro d u c t wt.% o f  o r i g i n a l  po lym er
HBr 1 2 . 2
CO 2 2 . 6
Propene 0 . 2
A lly l  brom ide 2 .5
V t r a c e
Br2 3.1
M e th a c ry lic  a c id t r a c e
A l ly l  m e th a c ry la te 2 . 1
1 , 2  -  d ibrom opropane 0 . 2
Iso m e ric  d ib rom opropenes 0 . 6
Iso m e ric  m onobrom opropenyl 1 . 8  *
m e th a c ry la te  * •
2 ,3  -  d ib ro m o p ro p y lm e th a c ry la te 5 5 .8
(monomer)
C R F (P o ly  (m e th a c ry lic  a n h y d rid e )) 6 . 0
R esidue 6 . 0
T o ta l  p ro d u c ts  i d e n t i f i e d 93 .1
4 .3  THERMAL DEGRADATION OF P 2 , 3 - D  B P A
i .  Therm al V o l a t i l i s a t i o n  A n a ly s is  (T V A)
F ig u re  4. 11 shows a T V A t r a c e  f o r  P 2 ,3  —D B P A. T here i s  a
sh a rp  m ain peak  fo llo w e d  by a low b ro a d  p e a k . V o l a t i l i s a t i o n
s t a r t s  a t  233°C w ith  T o c c u r r in g  a t  331°C and 438°C. The s e p a -
max
r a t i o n  o f  th e  c u rv e s  shows t h a t  th e r e  a re  p ro d u c ts  o f  a  w ide range  
o f v o l a t i l i t i e s  and a c o n s id e ra b le  amount o f  m a t e r i a l  i s  non - 
cond en sab le  a t  -196°C . A y e llo w  c o ld  r in g  f r a c t i o n  i s  form ed and 
may be d is s o lv e d  in  c h lo ro fo rm  f o r  i  r  a n a ly s i s .  A sm a ll amount 
(~3% ) o f  r e s id u e  rem ains a t  500°C.
i i .  T G and D S C
F ig u re  4. 12 shows T G and D S C  t r a c e s  f o r  P 2 ,3 -  D.B P A. The 
T G c u rv e , d e ta in e d  un d er n i t r o g e n  (50 m l/m in  ) h a s  two d i s t i n c t  
s ta g e s .  In  th e  f i r s t  s ta g e  w e ig h t lo s s  s t a r t s  a t  /^ '2 2 0 °C , shows a 
maximum a t  335°C and i s  com plete  by 350°C w ith  80% w e ig h t l o s s .  The 
second s ta g e  (7%) re a c h e s  a maximum a t ^  430OC.
D S C  shows an e n d o th e rm ic  peak  at'v-^335°C  w hich  i s  c o n c u r re n t  w ith  
v o l a t i l i s a t i o n .
i i i .  P ro d u c t A n a ly s is  and Subambient T V A
The d e g ra d a tio n  p ro d u c ts  o f  P 2 , 3 —D B P A may be s e p a r a te d  in to  
f r a c t i o n s  : a . The n o n -co n d e n sa b le  m a te r i a l s  may be  c o l l e c t e d  in
a c lo se d  sy stem  and t h e i r  i  r  sp ec tru m  r e v e a ls  c a rb o n  m onoxide, 
m ethane and p ro p e n e . Hydrogen i s  in d ic a te d  by th e  m ass sp ec tru m .
b . I n f r a - r e d  s p e c tro sc o p y  i n d ic a te s  t h a t  th e  c o ld  r in g  f r a c t i o n  
( f ig u re  4 .1 3 )  h a s  some s t r u c t u r a l  s i m i l a r i t y  to  th e  o r i g i n a l  po lym er.
c . The r e s id u e  on th e  b a se  o f  th e  d e g ra d a tio n  tu b e  i s  a  b la c k  c a rb o n ­















































































































































































































































































































































































































































t* . oP i—i P
i- i <u to o CU
o Cu rH 6 p
a o 1—I '---/ cd
r - t ai p cd rH
o P . Pu (U to
1 o O cp p P
CO p e o cd O
1 Cu o r-1 cd
p o p r—1 p X
<u e cu a) <43 o (U P P
I o p P o 1 e o <y
|P p a) <0 p >—■ o cd 0
I XI <u 1 I o 1 •H
Pu o a rH rH 6 P Td i—i t-H
O a cd 1 1 <0
P o CU P . Pu o P. o Pu Pu
P . e o o o •H o • r t o o
p p p p p P p p
(U (U cu p. Pu 91 Pu 91 Pu PuX X o o 0 0 o 6 Q Os 0 s o S o S Td 0O o o o o CO o CO o (U o
P 4-1 p p p P •p i p •rH P
X X X X pO CP XI
Td Td •r4 •H •H to •H to •H •H •H
<u (U Td Md nd Td t -1 Td P Td0 X Pjjj P 1 I 1 •H 1 •H 1 CU I
CO CO CO CO nd
<u <u CM CO CM CO CO CO CO •r4 CO
p p et o 0% O »• P
P-i P>4 *— CM PP CM Pu CM P CM
l 1 | I I 1 I 1 1 1 1 1 1








*•4 -— c o













































































































d. C ondensable p ro d u c ts  were s e p a ra te d  by su bam bien t T V A as shown 
in  f ig u r e  4- 14. T here a re  fo u r  d i s t i n c t  p e a k s . I  r  s p e c tro sc o p y  
shows t h a t  th e  f i r s t  peak c o n ta in s  HBr and CC^  w h ile  peak 2 i s  due to  
a l l y l  b ro m id e . The mass sp ec tru m  o f  th e  m a te r i a l  in  p e a k s 3 and 4 i s  
shown in  f ig u r e  4. 15, and a g a s - l iq u id  chrom atogram  in  f ig u r e  4. 16.
A com plete  l i s t  o f  p ro d u c ts  o f  d e g ra d a tio n  o f  P 2 , 3 - D  B P A i s  
shown in  t a b l e  4 . 3; as b e f o r e ,  some r e f e r e n c e 4compounds w ere u n a v a i l ­
a b le  and i d e n t i t i e s  o f  some peaks have b een  i n f e r r e d  from  mass sp e c ­
t r a l  d a ta .  These p ro d u c ts  a re  in d ic a te d  by  * .
T able  4 .3 .  DEGRADATION PRODUCTS OF P 2 , 3 -  D B P A
D eg ra d a tio n  f r a c t i o n P ro d u c ts M ethods o f  a n a ly s i s
N on-condensab le
m a te r i a ls CH^ , CO , p ro p en e  , I  R & M S
Cold r in g  f r a c t i o n long  c h a in  frag m en ts I  R in  
s o lu t io n
R esidue Carbon I  R ( KBr 
d is c )
C ondensable m a t e r i a l s :
Peak 1 (S A T V A ) CO2  , HBr I  R & M S
Peak 2 (S A T V A ) A l ly l  brom ide I  R & M S
Peak 3 (S A T V A ) p r o p - l - e n - 3 - o l  *
CH = CH -  CH OH 
2  2
M S
m onobrom opropenol * M S
1 , 2  -  d ibrom opropane M S g,g 1 c
2 ,3  -  d ib ro m o p ro p -l-e n e M S g,g 1 c
1 , 2  -  d ib ro m o p ro p -l-e n e M S 8 ,g 1 c
Iso m e ric  m onobrom opropenyl
a c r y l a t e s  * M S
6k
C o n t'd  T ab le  4 .3 .
D eg ra d a tio n  f r a c t i o n P ro d u c ts M eth o d s .o f 
a n a ly s i s
Peak 4 (S A T V A )
e .g .  CH2-CH
0 ^ 0 - C H 2-CH*=CHBr
2 , 3  -  d ib ro m o p ro p a n - l-o l M S & g 1  c
Iso m e ric  d im e r ic  s p e c ie s  
b a se d  on a l l y l M S
A c ry la te  *
2 ,3  -  d ib rom opropy l 
a c r y l a t e  (monomer) M S & g 1 c
2 ,3  -  d ib rom opropy l 
m e th a c ry la te M S & g 1  c
A gain , th e  te m p e ra tu re  ra n g e s  o v e r  w hich th e  v a r io u s  d e g ra d a tio n  
p ro d u c ts  w ere e v o lv e d  w ere i d e n t i f i e d  by a s te p w ise  d e g ra d a tio n  p ro ­
cedure c a r r i e d  o u t on a s in g le  sam ple o f  P 2 , 3 -D  B P A in  th e  su b -
am bient T V  A a p p a ra tu s .  T h is  p ro c e d u re  has  been  d e s c r ib e d  e a r l i e r  
fo r  P 2 ,3 — D B P M; in  t h i s  c a se  th e  te m p e ra tu re s  o f  th e  s ta g e s  
ranged  from  240°C to  500°C, and th e  s e r i e s  o f  S A T V A c u rv e s
o b ta in e d  i s  shown in  f ig u r e  4 .1 7 .
Peak 1 f i r s t  a p p e a rs  a t  280°C, as in  th e  P 2 ,3  -D  B P M d e g ra d a t io n , 
w hereas th e  o th e r  th re e  peaks a re  p r e s e n t  a t  a l l  s ta g e s  from  240°C.
iv .  Q u a n t i ta t iv e  E s tim a tio n  o f  th e  D e g ra d a tio n  P ro d u c ts  
I n f r a - r e d  s p e c t r o s c o p ic  te c h n iq u e s  w ere u sed  f o r  th e  q u a n t i t a t i v e  












4 6 0 ----------- ^
5 0 0 — r-*S\.
F»g. 4.17. Subam bient T V A cu rv e s  f o r  d e g ra d a t io n  p ro d u c ts  o f  a  s in g le  
sam ple o f  P 2 ,3  -  D B P A (fro m  programmed d e g ra d a t io n  under 
vacuum from  am bien t to  s u c c e s s iv e ly  h ig h e r  te m p e ra tu re  a t  10°C/min, 
50 mg sm a ll p ie c e s  sam ple s i z e ) .  Sample h e ld  a t  each  te m p e ra tu re  
w h ile  p ro d u c ts  w ere c o l l e c t e d  f o r  S A T V A.
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th e  p ro d u c ts  in  peaks 3 and 4. A g a in , in  th e  l a t t e r  c a s e ,  some 
m inor p ro d u c ts  were u n a v a ila b le  f o r  c a l i b r a t i o n  p u rp o s e s ,  and e s t i ­
m ated r e t e n t i o n  tim es  and s e n s i t i v i t i e s  w ere u sed  b a se d  on b o i l i n g  
p o in ts  and d a ta  f o r  s t r u c t u r a l l y  s im i la r  compounds. These p ro d u c ts  
a re  i n d ic a te d  by * in  t a b le  4 .4 ,  w hich g iv e s  th e  r e s u l t s  f o r  
programmed d e g ra d a tio n  from  am bien t te m p e ra tu re  to  500°C. V alues 
marked * sh o u ld  o n ly  be re g a rd e d  as q u a l i t a t i v e .
T ab le  4 . 4-. QUANTITATIVE ANALYSIS OF THE PRODUCTS OF DEGRADATION 
OF P 2 , 3 -  D B P A (20° -  500°C a t  10°C/m in)
P ro d u c t wt% o f  o r ig i n a l  
po lym er
HBr 4 6 .0
c ° 2 7 .9
Propene 0 .5
A l ly l  brom ide 8 .3
P r o p - l - e n - 3 - o l  * 0 . 6  *
M onobrom oprop -l-en -3 -o l * 0 .7  *
1 , 2  -  d ibrom opropane 2 .5
2 ,3  -  d ib ro m o p ro p -l-e n e 3 .5
1 , 2  -  d ib ro m o p ro p -l-e n e 2 .9
Iso m e ric  m onobrom opropenyl a c r y l a t e s  * 3 .5  *
2 ,3  -  d ib ro m o p ro p a n -l-o l 3 .2
Iso m e ric  d im e r ic  s p e c ie s  b a se d  
on a l l y l  a c r y l a t e  *
1 . 6  *
2 ,3  -  d ib ro m o p ro p y la c ry la te  (monomer) 0 .5
2^3 -  d ib rom opropy l m e th a c ry la te t r a c e
C R F 14
R esidue 3
T o ta l  p ro d u c t 9 8 .7
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4. 4 DISCUSSION
In  s p i t e  o f  th e  f a c t  t h a t  th e  ch em ica l s t r u c t u r e s  o f P  2 , 3 - D B P M  
and P 2 ,3  -  D B P A a re  so s i m i l a r ,  th e r e  i s  a  w ide d iv e rg e n c e  in  t h e i r  
th erm al d e g ra d a tio n  b e h a v io u r . T h is  i s  s im i l a r  to  th e  th e rm a l de­
g ra d a t io n s  o f  p o ly  ( n -b u ty l  m e th a c ry la te *)9  and p o ly  (n -p  ropy  1  a e ry  l a  t*e) •* 
I t  was o b se rv e d  t h a t  w h ile  p o ly  ( n -b u ty l  m e th a c ry la te )  y ie ld s  a p p re ­
c ia b le  am ounts o f  monomer, th e  r e a c t io n  i s  by no means q u a n t i t a t i v e .  
Monomer p ro d u c tio n  c e a s e s  a t  30-50% c o n v e rs io n , and a t  h ig h e r  
te m p e ra tu re s  a com plex s e r i e s  o f  r e a c t io n s  o c c u rs  in  w hich th e r e  i s
ev id en ce  o f  d eco m p o sitio n  o f  th e  p e n d a n t e s t e r  group to  g iv e  p ro d u c ts
23such as b u te n e , m e th a c ry l ic  a c id  and a n h y d r id e . G ra s s ie  and G ran t
s tu d ie d  th e  th e rm a l d e g ra d a tio n  o f  p o ly  ( t e r t - b u t y l  m e th a c ry la te )
and i t  seems to  be g e n e ra l ly  a g re e d  t h a t  th e  e s t e r  d e c o m p o sitio n
r e a c t io n  p ro c e e d s  by a m o le c u la r  m echanism  in v o lv in g  i n t e r a c t i o n
betw een th e  c a rb o n y l group and hydrogen  atom s o f  t h e  carbon  atom s o f
. 24th e  e s t e r  g ro u p . G ra s s ie  drew  a t t e n t i o n  to  th e  im p o rta n c e  o f  p -  
hydrogen  atom s in  f a c i l i t a t i n g  e s t e r  d e c o m p o s itio n  a t  th e  expense  
o f d e p o ly m e r is a t io n . He s u g g e s te d  t h a t  th e  e s t e r  d eco m p o s itio n  o n ly  
becomes im p o r ta n t  when th e  monomer u n i t  in c o r p o r a te s  f iv e  p -h y d ro g en  
atoms and d e p o ly m e r is a tio n  i s  q u a n t i t a t i v e  when th e r e  a re  a t  m ost 
one o r  two p -h y d ro g en  atom s.
The b e h a v io u r  o f  th e  p o ly ( a c r y l a te s )  a s  a  group was a l s o  re c o g n is e d  
to  be more com plex th an  o r i g i n a l l y  e n v is a g e d . More c a r e f u l  a n a ly s i s  
re v e a le d  e s t e r  d eco m p o sitio n  p ro d u c ts  l i k e  ca rb o n  d io x id e  and th e  
c o rre sp o n d in g  d e f i n e s  and a lc o h o ls  as  w e l l  a s  t r a c e s  o f  monomer.
But c l e a r l y  th e r e  i s  some c o n s id e ra b le  o v e r la p  in  th e  th e rm a l 
d e g ra d a tio n  b e h a v io u rs  o f  P 2 ,3  -  D B P M and P 2 ,3  -  D B P A 
hom opolym ers.
In  the  l i g h t  o f  th e  e x p e r im e n ta l  r e s u l t s ,  a number o f  i n t e r e s t i n g  
c o n c lu s io n s  may be drawn :
i .  T L -^ fo r P 2 , 3 -D  B P M and P 2 , 3 - D B P A a re  low er th an  f o r
H la X
(P M M A) and (P M A) r e s p e c t i v e ly .  T h is  r e l a t i v e  i n s t a b i l i t y ,  a t  
l e a s t  in  th e  m e th a c r y la te ,  may be due to  th e  s t e r i c  e f f e c t  o f  th e  
b ro m in a ted  b u lk y  s id e  group in  f a c i l i t a t i n g  d e p o ly m e r is a t io n .
i i .  Carbon -  b rom ine bonds on th e  s id e  c h a in  r e a d i ly  undergo  s c i s s i o n ,
which d id  n o t  o c c u r  in  th e  th e rm a l d e g ra d a tio n  o f  p o ly  ( 2 -b ro m o e th y l 
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m e th a c r y la te ) .
In  d is c u s s in g  th e  d e ta i l e d  r e a c t io n  m echanism s w hich may a c c o u n t f o r  
th e  o b se rv ed  d e g ra d a tio n  p r o d u c ts ,  i t  i s  c o n v e n ie n t to  c o n s id e r  th e  
homopolymers s e p a r a te ly .
1 -  P 2 ,3 _  D B P M
The dom inant d e g ra d a tio n  p ro d u c t (55.8%) i s  monomer, and t h i s  r e f l e c t s
th e  g e n e ra l  c h a r a c t e r i s t i c  mode o f  p o ly m e th a c ry la te  d e g ra d a t io n  o b - 
. 19se rv e d  by G r a s s ie .  A long  c h a in  po lym er r a d i c a l  o f  t h e  form
f H 3  fH 3
-w -C H 2 ~ C —CH2 ~ C *
0 ^ C" o r o ^ c ' ' o r
i s  form ed e i t h e r  by random c h a in  s c i s s io n  o r  by i n i t i a t i o n  a t  an un­
s a tu r a te d  c h a in  e n d ; t h i s  r a d i c a l  th e n  " u n z ip s "  to  p ro d u ce  monomer 
and a  s im i la r  r a d i c a l ,  and r e p e t i t i o n  o f  th e  p ro c e s s  can  g iv e  h ig h  
y ie ld s  o f  monomer.
^ 3  CH3
•w CH2—  <^ - +  CH2= C  etc.
1
0 OR OR
I n i t i a t i o n  a t  u n s a tu r a te d  c h a in  ends i s  n o rm a lly  o b se rv e d  a t  low er 
te m p e ra tu re s  th a n  random s c i s s i o n ,  and i s  d e te c te d  a s  a s h o u ld e r  on 
the  main T V A p e a k . I t  i s  a b s e n t  in  t h i s  c a s e ,  b u t  t h i s  i s  n o t  
s u r p r i s in g  i n  v iew  o f  th e  f a i r l y  h ig h  m o le c u la r  w e ig h t (443 ,000) o f 
th e  po lym er, w hich g r e a t ly  re d u c e s  i t s  im p o rta n c e . The o th e r  m ajo r 
v o l a t i l e  p ro d u c t  i s  HBr (12 .2% ), w h ich , as a l r e a d y  m en tio n e d , i s  n o t  
an im p o r ta n t p ro d u c t in  th e  d e g ra d a t io n  o f  p o ly  ( 2 -b ro m o e th y l m etha­
c r y la te )  . C le a r ly  th e  s im p le s t  s id e - c h a in  r e a c t io n  in v o lv e s  th e  
s c is s io n  o f  a  C-Br bond , w ith  th e  p ro d u c t io n  o f  a  Br atom . T h is  Br 
atom may undergo  any one o f  fo u r  su b se q u e n t r e a c t i o n s ,
a . I t  may a b s t r a c t  an H atom  from  an a d ja c e n t  ca rb o n  atom , le a v in g  a 





0  0 —CH2 - C H —CH2Br
CHo 
I





b . I t  may a b s t r a c t  a  second  Br atom  from  th e  a d ja c e n t  ca rb o n  atom , 
form ing a B ^  m o lecu le  (3.1% o f  p ro d u c ts )  and le a v in g  a  doub le  bond 
in  th e  s id e  c h a in .
c h 3
-w  C H2“ C v/-
Br*
0  0 - C H 2~ C H -C H 2Br
<fH3
- >  ^v -C H ^C -w - +  Br>
« i
0 '  0-CH 2-CH=CH2
oily I m e th a c ry la te  unit
c . Two Br atom s may r e a c t  to  form  a Br^ m o le c u le .
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d. The Br atom may a b s t r a c t  a  H atom  from  th e  s id e  c h a in  o f  a n o th e r  
monomer u n i t ,  fo rm ing  HBr and le a v in g  a s id e  c h a in  r a d i c a l  w hich can 
s t a b i l i s e  by e j e c t i n g  a Br atom .
c h 3 c h 3
-wCH2—Ow- -vv-CHy—C-w- 4- HBr
I Br I




O,#C' ' 0 - C H 2 -C B r= C H 2
The m o d ified  monomer u n i t s  l e f t  a f t e r  p ro ce ss  ( a ) ,  (b) and (d) i n d ic a te  
c l e a r l y  p o s s ib le  so u rc e s  o f  a l l y l  m a th a c ry la te  and th e  is o m e r ic  mono- 
brom opropenyl m e th a c ry la te s  w hich to g e th e r  a c co u n t f o r  a p p ro x im a te ly  
3.9% o f  th e  p ro d u c ts .
The p ro c e s s  o f  e s t e r  d eco m p o s itio n  i n  p o ly  (m e th a c ry la te s )  w hich have
24p-hydrogen  atom s m  th e  s id e  c h a in  i s  a ls o  w e l l  known. The i n i t i a l  
p ro d u c ts  a re  a  m e th a c ry l ic  a c id  u n i t  and an a lk e n e .
f H3 CH3
^ CH2~ ‘r  -wCH2- C ^  -f CH2Br-CBr=CH2
 *  0 ^ 0




I f  two a d ja c e n t  u n i t s  r e a c t  in  t h i s  way, w a te r  may be e l im in a te d
betw een th e  two a c id  g roups a t  h ig h e r  te m p e ra tu re  to  y i e ld  a m eth a -
26
c r y l i c  a n h y d rid e  l in k a g e .
c h 3 c h 3
I I
—wC H2~ C —CH2—C-w
hcT ^ o
The i  r  sp ec tru m  o f  th e  c o ld  r in g  f r a c t i o n  i n d i c a t e s  th e  p re s e n c e  o f 
some an h y d rid e  s t r u c tu r e s  superim posed  on a b a s ic  s t r u c t u r e  w hich shows 
growing u n s a tu r a t io n  and some s i m i l a r i t i e s  to  th e  o r i g i n a l  po lym er.
The sm a ll amount o f  th e  two p ro d u c ts  d e r iv in g  from  t h i s  p r o c e s s ,  w a te r  
and th e  d ib rom opropene , i n d i c a t e ,  how ever, t h a t  e s t e r  d e c o m p o sitio n  i s  
a r e l a t i v e l y  m inor p ro c e s s  in  t h i s  c a s e . A ga in , t h i s  i s  n o t  s u r p r i s ­
in g  in  view  o f  th e  f a c t  t h a t  th e  s id e  c h a in  c o n ta in s  o n ly  one JB.hydro- 
gen atom . However, i t s  o c c u rre n c e  to  a sm a ll e x te n t  i s  co n firm ed  by 
th e  p re se n c e  o f  a  t r a c e  o f  m e th a c ry l ic  a c id  among th e  p ro d u c ts ;  t h i s  
can a r i s e  when an u n z ip p in g  r e a c t io n  p a s s e s  th ro u g h  an i s o l a t e d  
m e th a c ry l ic  a c id  u n i t .
Of th e  p ro d u c ts  n o t  so f a r  d i s c u s s e d ,  CC  ^ (2.6%) and a l l y l  brom ide 
(2.5%) a re  th e  m ost s i g n i f i c a n t .  The p ro d u c t io n  o f  e q u im o la r
amounts o f  th e s e  p ro d u c ts  c o u ld  be  s a t i s f a c t o r i l y  e x p la in e d  by a 
mechanism o f  th e  fo llo w in g  ty p e ,  w hich fo llo w s  th e  i n i t i a l  e j e c t i o n  
o f  a  Br atom  from  th e  s id e  c h a in ,  as  d is c u s s e d  e a r l i e r  i n  c o n n e c tio n  
w ith  th e  fo rm a tio n  o f  HBr.
f H 3 <JH3 
w C  H2~C—CH2~  C w
-b H2 O
0«C





-wCH2” Cjw- 4- CH2=CH—CH2 r^
.Cx  alty1 b rom ide
0 ^ C\ ) I c  H2 - 1 H - C  H2 B r
~wCH2— C~w~ ^ ^ 2
T his r e a c t io n  c o u ld  a ls o  be a se co n d a ry  s o u rc e  o f  th e  d ib rom opropene 
observed  a s  a  m inor p ro d u c t ;  fo llo w in g  in te r m o le c u la r  hydrogen  
a b s tr a c t io n b y  a Br atom , a r e a c t io n  a n a lo g o u s  to  t h a t  g iv e n  above 
can o c c u r.
decom position  o f  m eth a c r y lic  a c id  or anhydride u n its  unable to  
v o l a t i l i s e  as sh o r t chain  fragm ents, le a v in g  behind the carbonaceous  
char. Of the o th e r  minor p ro d u cts , propene (0.2%) presum ably  
a r is e s  from fragm en tation  o f  chain  s tr u c tu r e s  such as the one r e ­
m aining above a f t e r  e lim in a t io n  o f  CO^ - 1 ,2  -  Dibromopropane (0.2%)
~~w Cl
Me.
In f a c t ,  the m olar r a t io  CO : a l l y l  bromide observed  i s  n earer  to  
3:1;  the a d d it io n a l  CO^  can, how ever, be formed r e a d ily  by the
can be form ed i f  th e  O-CH^-CH Br-CH^Br bond und erg o es s c i s s i o n ,
fo llow ed  by hydrogen  a b s t r a c t io n  by th e  r e s u l t i n g  a lk y l  r a d i c a l .
2 -  P 2 ,3  -  D B P A
The n o ta b le  f e a t u r e s  o f  th e  d e g ra d a tio n  p ro d u c ts  from  t h i s  po lym er 
as compared w ith  th o se  from  th e  c o rre sp o n d in g  m e th a c ry la te  a re  th e  
much h ig h e r  y i e l d  o f  HBr (46 .0% ), th e  in c r e a s e d  y i e ld s  o f  0 0 2 ( 7 . 9 %) 
and a l l y l  brom ide (8 .3% ), th e  in c r e a s e d  y i e l d  d*f c o ld - r in g  f r a c t i o n  
(14%) and th e  v i r t u a l  ab sence  o f  monomer. In  t h i s  c a s e ,  t h e r e f o r e ,  
the  mechanism o f  d e g ra d a tio n  w i l l  be dom inated  by s id e - c h a in  r e a c t io n s  
and c h a in - t r a n s f e r  to  g iv e  s h o r t  c h a in  f ra g m e n ts , r a t h e r  th a n  th e  
u n z ip p in g  r e a c t io n  to  p roduce  monomer t y p ic a l  o f  p o ly  ( m e th a c r y la te s ) .
This g e n e ra l  d i f f e r e n c e  has  long  been  e s ta b l i s h e d ;  th e  p o ly  (m etha­
c r y la te )  c h a in  r a d i c a l  i s  s t a b i l i s e d  by i t s  m eth y l and c a rb o x y l sub­
s t i t u t e s  and y i e l d s  monomer, w h ile  th e  p o ly  ( a c r y la t e )  c h a in  r a d i c a l  
i s  much more r e a c t i v e ,  and a b s t r a c t s  a t e r t i a r y  hyd rogen  atom  from  
th e  c h a in  ( i n t e r i o r  i n t r a - m o le c u la r ly )  to  g iv e  r a p id  c h a in  s c i s s io n  
and sm a ll c h a in  f ra g m e n ts .
2 7 ,2 8
-v/-C H2~~ C— C H2~  C— C H2 ~  C— H 
o  OR o  OR 0  0
H H
-w-C H2 - C — C H2—C— C H?~ C * 
I I I —
cT C\ ) R  O ' S r c T S jb
lo n g  c h a in  rad ica l form ed 
by ran d o m  s c is s io n
long ch a in  radical cha in  fragment
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The m echanism s le a d in g  to  th e  fo rm a tio n  o f  HBr a re  p ro b a b ly  s im i la r  
to  th o se  a l r e a d y  p ro p o sed  f o r  P 2 , 3 —D B P M; nam ely , e l im in a t io n  
o f a Br atom  fo llo w e d  by hydrogen  a b s t r a c t i o n .  In  t h i s  c a s e ,  in  
a d d i t io n  to  in t r a m o le c u la r  a b s t r a c t i o n  o f  an H atom  from  an a d ja c e n t  
carbon atom  in  th e  s id e  c h a in  ( le a d in g  to  th e  fo rm a tio n  o f  is o m e r ic  
monobrom opropenyl a c r y l a t e  u n i t s  in  th e  c h a in )  o r  in te r m o le c u la r  
a b s t r a c t io n  o f  an H atom  from  th e  s id e  c h a in  o f  a n o th e r  u n i t  ( le a d in g  
to  th e  same m onobrom opropenyl a c r y l a t e  u n i t s  a f t e r  e j e c t i o n  o f  a  Br 
a tom ), a  t h i r d  hydrogen  a b s t r a c t io n  p ro c e s s  i s  p o s s ib l e .  The 
t e r t i a r y  C-H bond i s  weak, and a b s t r a c t i o n  o f  t h i s  hydrogen  by  a 
brom ine atom  le a d s  to  c h a in  s c i s s io n  fo llo w e d  by  f u r t h e r  fo rm a tio n  o f  
sm a ll c h a in  fra g m en ts  o r  t r a n s f e r .
V V +  Br. ?
^ C H 2- C - C H 2 - C ^   ^ C H 2-< j- C H 2- ^  ^
° ^ Cn o r  o^ Cn o r  < / N ) R  c f  c \ o r
y
H
-w-CH2 H- CH2 =C -w - 
C\ X
0 ^  no r  0 ^  \ r
T his ty p e  o f  p ro c e s s  can add to  th e  c h a in  fra g m en ts  form ed by th e ,  
a l t e r n a t i v e  p ro c e s s  o f  random s c i s s io n  and t r a n s f e r .  The y i e l d  o f  
HBr .i s  much h ig h e r  i n  th e  a c r y l a t e  d e g ra d a tio n  th a n  in  th e  m e th a c ry la te  
d e g ra d a tio n  b e c au se  th e  com peting  r e a c t io n  o f  monomer p ro d u c tio n
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(which rem oves u n re a c te d  s id e  c h a in  from  th e  sy stem ) i s  a b s e n t  in  th e
a c r y la te  c a s e .
The mechanisms r e s u l t i n g  in  th e  fo rm a tio n  o f  A l ly l  b ro m id e , CO2 » 
d ib rom opropenes, p ropene and 1 , 2  d ib rom opropane a re  i d e n t i c a l  to  
th o se  a lr e a d y  p r e s e n te d  in  the  d is c u s s io n  o f  th e  d e g ra d a t io n  o f  
P 2 ,3 - D  B P M , The c h a in  fra g m en ts  in  t h i s  c a se  do n o t  e x h ib i t  i  r  
a b s o rp t io n s  t y p i c a l  o f  an h y d rid e  s t r u c t u r e s ,  anji i t  i s  p o s s ib l e ,  
th e r e f o r e ,  t h a t  e s t e r  d eco m p o sitio n  i s  o f  l i t t l e  im p o rta n c e  i n  t h i s  
r e a c t io n .  A s i g n i f i c a n t  amount (3.2%) o f  2 , 3 -d ib ro m o p ro p a n - l-o l  i s  
formed and th e r e  i s  mass s p e c t r a l  e v id e n c e  f o r  th e  fo rm a tio n  o f  
sm a lle r  amounts o f  m o n o b ro m o p ro p -l-en -3 -o l and p ro p -  l - e n - 3 - o l .  The 
fo rm a tio n  o f  2 ,3  -  d ib ro m o p ro p a n - l-o l i s  r e a d i ly  e x p la in e d  by a 
mechanism an a lo g o u s to  t h a t  p ro p o sed  f o r  p o ly  ( n - a l k y la c r y l a t e s )  by
G ra ssie  e t  a l  , commencing w ith  a lo n g  c h a in  r a d i c a l  o f  th e  ty p e
the  po lym er, can r e a d i ly  y i e ld  C l^Br CH Br CH2 OH. A l t e r n a t i v e ly ,
■ ' . 27
one o f th e  m echanism s p ro p o sed  by Cameron and Kane may be r e s p o n s ib le
f o r  the  p ro d u c tio n  o f  th e  a lkoxy  r a d i c a l ,  s in c e  th e r e  i s  s l i g h t  e v id e n c e  
o f a s h o u ld e r  a t  1760 cm in  th e  i  r  sp ec tru m  o f  th e  c o ld  r in g  f r a c ­
t io n  ~which may be  due to  a  la c to n e  s t r u c t u r e .  The m onobrom opropenol 
and p ro p e n o l can  be form ed by an an a lo g o u s  m echanism  from  u n i t s  
c o n ta in in g  th e  p a r t i a l l y  r e a c te d  s id e  c h a in s  shown be low .
21
C H
v cN h 2
CH +CH 2Br-CHBr-CH2 0
The alkoxy  r a d i c a l  form ed, by a b s t r a c t i n g  an H atom  from  e lse w h e re  in
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<f N0 - C H 2 -C H =C H B r a n d
-vv- CH w-
CH Br=CH -CH 2 OH c h 2— c h - c h 2 oh
The f i r s t  s t r u c t u r e  h a s  been  e n c o u n te re d  e a r l i e r  d u r in g  th e  d i s c u s s io n  
o f HBr fo rm a tio n ; th e  a l l y l  a c r y l a t e  s t r u c t u r e  o f  th e  second  exam ple 
i s  m ost r e a d i ly  ap p roached  by a ro u te  in v o lv in g  Br atom  a b s t r a c t i o n  
by a long  c h a in  a c r y l a t e  r a d i c a l  fo llo w e d  by  e j e c t i o n  o f  th e  o th e r  Br 
atom to  s t a b i l i s e  th e  s id e  c h a in  by fo rm a tio n  o f  a  doub le  bond.
In  a d d i t io n  to  th e  mass s p e c t r a l  e v id e n c e  f o r  th e  p re s e n c e  o f  th e  
p ro p e n o l, t h i s  ty p e  o f  r e a c t io n  i s  f u r t h e r  su p p o rte d  by mass s p e c t r a l
The t r a c e  o f  2 ,3  ~D B.P M monomer form ed i s  m ost r e a d i ly  a c c o u n te d
f o r  in  term s o f  a  r e a c t i o n  a t  an u n s a tu r a te d  c h a in  end . S c is s io n  o f  
th e  a l l y l i c  C-C bond fo llo w e d  by H a b s t r a c t i o n  r e a d i l y  y i e l d s  th e  
re q u ire d  p ro d u c t .
0 "  0 -C H 2-CH=-C h 2







THERMAL DEGRADATION o f  2 ,3  -  D B P M -  M M A 
and 2 , 3 - D B P A - M M A  COPOLYMERS
5. 1 INTRODUCTION
30 31The p r in c i p a l  d e g ra d a tio n  r e a c t i o n  w hich o c c u rs  in  P M M A * i s  
d e p o ly m e ris a tio n  to  monomer in  h ig h  y i e l d .  T h is  c h a p te r  w i l l  d e s ­
c r ib e  th e  e f f e c t  o f  th e  comonomers 2 ,3  -  D B P. M and 2 ,3  -  D B P A* 
on th e  p ro d u c ts  o f  d e g ra d a tio n  b o th  q u a l i t a t i v e l y  o r  q u a n t i t a t i v e l y .  
The s t a b i l i t y  o f  th e s e  copolym ers w i l l  a ls o  be d i s c u s s e d ,  and 
f i n a l l y  t h e i r  d e g ra d a tio n  m echanism s. F iv e  copo lym ers w ith  d i f f e r e n t  
co m p o sitio n s  were p re p a re d  from  each  p a i r  by th e  m ethods o u t l in e d  in  
C hap ter 2 .
5 . 2 THERMAL DEGRADATION o f  2 ,3  -  D B P M -  M M A COPOLYMERS
i .  M o lecu la r W eights
The 2 , 3 - D B P M - M M A  copolym ers c o n ta in  71.5% (A^) , 60% (A^) , 
32% (A^) » .10% (A^) and 5% (A^.) o f  2 ,3  — D B P M u n i t s .  The Number 
Average M o le c u la r  W eigh ts w ere m easured  by th e  m ethod d e s c r ib e d  in  
C h ap te r 2 and a r e  l i s t e d  i n  t a b le  5 ,  1. As th e  M M A c o n te n t  i s
in c re a s e d  th e  m o le c u la r  w e ig h t o b v io u s ly  d e c re a s e s .
T ab le  5 .  1. Number A verage M o le c u la r  W eights o f  2 , 3 - D B P M - M M A
Copolym ers
2 ,3  -  D B P M - M M A No. Average M olecu lar  W eight
Mn







i i .  Therm al V o l a t i l i s a t i o n  A n a ly s is ,  ( T V A)
Powder s a n ^ le s  (50 mg) were h e a te d  from  am b ien t te m p e ra tu re  to  500°C
a t  10°C/min u n d e r norm al TVA c o n d i t io n s .  The T V A t r a c e s  f o r
copolym ers Aj , , A3  , A^ and a re  shown in  f ig u r e s  5. 1 , 5. 2 ,
5. 3 , 5. 4 and 5. 5 r e s p e c t i v e ly .  T here  a re  two d i s t i n c t  p e a k s , th e
r e l a t i v e  s iz e s  chan g in g  w ith  copolym er c o m p o s itio n . V o l a t i l i s a t i o n
s t a r t s  be tw een  190° -  200°C. The T o f  t h e * f i r s t  peak  o c c u rsmax
betw een 290° -  330°C and f o r  th e  second  s t a g e ,  in  th e  r e g io n  o f  400° -  
410°C. At h ig h e r  m eth y l m e th a c ry la te  c o n te n ts  th e  f i r s t  s ta g e  o f 
d e g ra d a tio n  i s  c h a r a c te r i s e d  by s i g n i f i c a n t  fo rm a tio n  o f  a  h ig h  
b o i l in g  f r a c t i o n  (condensed  in  th e  0°C t r a p )  and t r a c e s  condensed  in  
the  o th e r  t r a p s .  In  th e  second s ta g e ,  th e  s e p a r a t io n  o f  th e  cu rv e s  
shows t h a t  th e r e  a re  p ro d u c ts  w ith  a  w ide ran g e  o f  v o l a t i l i t i e s  and a 
c o n s id e ra b le  amount o f  m a te r ia l  i s  n o n -c o n d e n sa b le  a t  -196°C . A 
s u b s ta n t i a l  c o ld  r in g  f r a c t i o n  was c o lo u re d  deep y e llo w  and was 
d is s o lv e d  in  c h lo ro fo rm  f o r  i n f r a - r e d  s p e c t r o s c o p ic  a n a ly s i s .  A 
sm a ll amount o f  b la c k  r e s id u e  (4 -  2%) rem ain s  a t  500°C.
i i i .  The S t a b i l i t y  o f  2 ,3  -  D B P M  — M M A  Copolym ers
32G ra ss ie  e t  a l  , com pared th e  s t a b i l i t i e s  o f  VA -  VC copolym ers
u s in g  th e  T V A  te c h n iq u e . F ig u re  5 .6  shows th e  i n i t i a l  s ta g e  o f
th e  0°C T V A  t r a c e  o f  th e  v a r io u s  2 , 3 - D B P M - M M A  copolym ers
as w e ll a s  o f  P M M A and P 2 ,3  -  D B P M hom opolym ers. A lthough  th e
P ir a n i  re sp o n se  i s  a  m easure o f  r a t e  o f  v o l a t i l i s a t i o n ,  th e  r e l a t i o n
9betw een r a t e  and P i r a n i  re sp o n se  i s  o n ly  l i n e a r  up to  p r e s s u r e s  o f  
-2th e  o rd e r  1 0  t o r r  (a p p ro x im a te ly  2  m v  o u tp u t  on th e  com m ercial 
P i r a n i  gauge em ployed) t h e r e a f t e r  becom ing n o n - l i n e a r .  F ig u re  5 .7  
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by P i r a n i  r e a d i n g ,  as  a f u n c t io n  o f  copolym er c o m p o s i t io n ,  and shows 
t h a t  t h e r e  i s  a  maximum i n  s t a b i l i t y  n e a r  th e  m id d le  o f  th e  com posi­
t i o n  ra n g e .  S in ce  th e  r e a c t i v i t y  r a t i o s  f o r  th e  2 , 3 - D B P M -  
M M A sys tem  a re  n e a r l y  th e  same th e  copolym er i s  h i g h l y  a l t e r n a t i n g  
and i t  th u s  a p p e a rs  t h a t  th e  maximum s t a b i l i t y  i s  a c h ie v e d  when 
most monomer u n i t s  a r e  f la n k e d  by th o se  o f  th e  o t h e r  ty p e .  The re a s o n  
f o r  t h i s  w i l l  be d i s c u s s e d  l a t e r  i n  t h i s  C h a p te r ,
i v .  T G and D S C
The w eight l o s s  c u rv e s  f o r  , A^ , , A,. , P M M A and
P 2 ,3  -  D B P M a t e  i l l u s t r a t e d  i n  f i g u r e  5 .8 .  The w e ig h t  l o s s
under n i t r o g e n  b e g in s  i n  th e  t e m p e ra tu re  ran g e  190° -  200°C and a two
s ta g e  p r o c e s s  i s  i n d i c a t e d ,  th e  r e l a t i v e  im p o r ta n c e  o f  e ach  s ta g e
b e in g  dependen t on th e  copolym er c o m p o s i t io n .
Table 5 .  2 shows th e  p e rc e n ta g e  w e ig h t  l o s s  o f  each  po lym er  and T ^ y ,
o b ta in e d  by  d e r i v a t i v e  equipm ent a s s o c i a t e d  w i th  th e  T G a p p a r a tu s .
Tab le  5 .  2, W eight Loss and T ^ y o f  2 , 3 - D B P M - M M A  Copolymers
Polymer F i r s t  Stage Second S ta g e wt% re m a in in g  
a t  500°CT , °C max wt. l o s s ,  % T , °C max wt. loss ,, %
P2,3 -  D B P M 325 85 400 4 12
A! 322 86 405 10 4
A2 327 49 430 41 10
A3 330 72 405 25 3
A4 330 85 420 10 4
A5 332 87 . 415 4 1
P M M A 375 98 *“ — 2
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F ig u re  5. 9 d e m o n s t ra te s  th e  r e l a t i o n s h i p  betw een copolym er c o m p o s i t io n  
and p e rc e n ta g e  w e igh t  l o s s  a t  300°C as m easured  by th e  T G c u rv e s .
From f i g u r e s  5 .7  and 5 .9 ,  i t  i s  c l e a r  t h a t  copolym er i s  more s t a b l e  
than  any o t h e r  copolym ers and even th an  P M M A homopolymer.
D S C  c u rv e s  f o r  Aj , A^ , A^ , A a n d  A^ a r e  i l l u s t r a t e d  i n  f i g u r e  
5. 10. Two en d o th e rm ic  peaks  a r e  c l e a r l y  v i s i b l e ,  a g a in ,  t h e i r  
r e l a t i v e  im p o r tan ce  b e in g  dependan t  upon copolym er c o m p o s i t io n .  The
g la s s  t r a n s i t i o n  te m p e ra tu re s /T  , o f  th e  copolym ers  a r e  shown by th e
S
D S C  c u rv e s  t o  be i n  th e  r e g io n  o f  100°C (T ab le  5 .  3 ) .  I t  i s  c l e a r
t h a t  T d e c re a s e s  as  th e  2 ,3  -  D B P M c o n te n t  o f  th e  copolym ers i sO
in c r e a s e d .
Table 5 . 3 .  Tg f o r  2 , 3 - D B P M - M M A  Copolymers
Polymer T °C Ag * C
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v. Subam bient T V A  and Rroduct A n a l y s i s
Subam bient T V A  was c a r r i e d  o u t  (a s  d e s c r i b e d  i n  C h a p te r  2 ) u s in g  
50 mg o f  th e  copo lym er  sa m p le s .  F ig u re  5 .11  shows a t y p i c a l  subam­
b i e n t  T V A  t r a c e ,  w hich  e x h i b i t s  seven  p e a k s .  The c o n d e n sa b le  
v o l a t i l e  p r o d u c t s  w ere  exam ined by i n f r a - r e d  s p e c t r o s c o p y  and mass 
s p e c t r a .N o n - c o n d e n s a b le s  were a l s o  s t u d i e d  by t h e s e  t e c h n i q u e s ,  f o l l o w ­
in g  d e g r a d a t i o n  o f  th e  copo lym er i n  a c lo s e d  sy s te m . The l i q u i d  
p r o d u c t s  w ere  exam ined  by  g 1 c and mass s p e c t r a .  F i g u r e s  5 .  12 ,
5 .1 3  , 5. 14 , 5 .1 5  , 5 .1 6  and 5 .1 7  i l l u s t r a t e  i  r  s p e c t r a ,  mass 
s p e c t r a  and a g 1 c t r a c e  o f  t h e  d e g r a d a t i o n  p r o d u c t s  r e c o r d e d  i n  t h e  
S A T V A t r a c e  ( f i g u r e  5 .1 1 )  o f  copo lym er A^. The p r o d u c t s  o f  
d e g r a d a t io n  a r e  r e c o r d e d  i n  T ab le  5 • 4.
T ab le  5 * 4 . P r o d u c t s  o f  D e g ra d a t io n  o f  2 , 3 - D B P M - M M A
Copolym ers
P ro d u c t  f r a c t i o n P r o d u c ts M ethods o f  A n a l y s i s
N o n -co n d en sab le
m a t e r i a l s CO , m ethane and p ro p en e i  r  and mass s p e c t r a
Cold r i n g  f r a c t i o n p o l y  ( m e t h a c r y l i c
a n h y d r id e ) i  r  i n  s o l u t i o n
Residue Carbon i  r  (K Br d i s c  )
Peak 1 (S A T V A) H Br and CO^ . i  r  and  mass s p e c t r a
Peak 2 (S A T V A) CH3Br i  r  and mass s p e c t r a
Peak 3 ( S A T V A ) A l l y l  b rom ide i  r  and  mass s p e c t r a
Peak 4 ( S A T  V A) MeOH i  r  ,  mass s p e c t r a  
and g 1 c
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Table  5 . 4» (C o n t in u e d )
P r o d u c ts  o f  D e g r a d a t io n  o f  2 ,3  -  D B P M -  M M A Copolym ers
P ro d u c t  f r a c t i o n P r o d u c ts M ethods o f  A n a ly s i s
Peak 6 (S A T V A) 
Peak 7 (S A T V A)
M e th a c r y l i c  a c i d ,  a l l y l  
m e t h a c r y l a t e  , 1 ,2  -  
d ib rom opropane  ,
i s o m e r i c  d ib ro m o p ro p e n e s ,  
and i s o m e r i c  monobromo -  
p ro p e n y l  m e t h a c r y l a t e s  
2 ,3  -  d ib ro m o p ro p y l  
m e t h a c r y l a t e  (monomer)
m ass s p e c t r a  and g 1 c 
mass s p e c t r a  and g 1 c
The s t e p w is e  d e g r a d a t i o n  p r o c e d u r e  d e s c r i b e d  i n  C h a p te r  4 ,  was c a r r i e d  
o u t  on a s i n g l e  sam ple  o f  Ag copolym er i n  th e  S A T V A a p p a r a t u s ,  t h e  
t e m p e ra tu re  o f  th e  s t a g e s  r a n g in g  from  200°C to  500°C. The s e r i e s  o f  
S A T V A c u rv e s  o b t a i n e d  i s  shown i n  f i g u r e  5 .1 8 .  The m e th y l  b rom ide  
peak (2) f i r s t  a p p e a r s  a t  280°C and r e a c h e s  a maximum a t  300°C, and 
a g a in  a t  360°C. The m eth a n o l  peak  (4) a p p e a r s  a t  360°C, w h i le  p eak s  
3, 5 ,  6 and 7 a r e  p r e s e n t  a t  a l l  s t a g e s  from  200°C. T h u s , i t  seems 
t h a t  m e th a n o l  f i r s t  a p p e a r s  i n  t h e  second  s t a g e  o f  d e g r a d a t i o n .  T h is  
can be o b s e rv e d  by c o l l e c t i n g  th e  d e g r a d a t i o n  p r o d u c t s  f o r  e a ch  s t a g e  
i n  th e  S A T V A a p p a r a tu s  ( f i g u r e s  5 .1 9  (a )  and 5 .1 9  ( b ) ) .
v i .  Q u a n t i t a t i v e  M easurement o f  D e g r a d a t io n  P r o d u c t s
I n f r a - r e d  s p e c t r o s c o p i c  t e c h n iq u e s  were u s e d  f o r  t h e  q u a n t i t a t i v e












F,g#5.1 8 » Subam bien t T V  A c u rv e s  f o r  d e g r a d a t i o n  o f  a s i n g l e  sam ple  of
copo lym er  ( f ro m  am b ien t  t o  s u c c e s s i v e l y  h i g h e r  t e m p e r a tu r e  a t  10°/m in  , 
50 mg sam ple  s i z e ) .  Sample h e ld  a t  each  t e m p e r a t u r e  w h i le  p r o d u c t s
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in  p eak s  4 , 5 ,  6 and 7. In  th e  l a t t e r  c a s e ,  th e  p r o d u c t  i n d i c a t e d  
by * i n  T a b le  5 .  5 i s  s p e c u l a t i v e  and h a s  n o t  b een  c o n f i rm e d  by com­
p a r i s o n  w i th  t h e  p u re  compound. F ig u re  5 .2 0  r e p r e s e n t s  t h e  y i e l d  o f  
m ethy l b ro m id e ,  m e th a n o l  and a n h y d r id e  as a  f u n c t i o n  o f  copolym er
c o m p o s i t io n .
Tab le  5 . 5 .  Q u a n t i t a t i v e  A n a ly s i s  o f  th e  P r o d u c t s  o f  D e g ra d a t io n  o f
2 , 3 - D B P M - M M A  C opo lym ers(20  -  500°C a t  10°C/min )
P r o d u c t Ai A2 A3
wt.°/«
A4 A5
H Br 3 .9 1.9 0 .8 t r a c e t r a c e
C02 1.6 1.2 0 .9 0 . 18 0 .1 4
Propene 0 .  15 0 .1 0 .  1 t r a c e t r a c e
CH3Br 3 .4 5 . 1 4 .1 1.65 1.2
A l l y l  b rom ide 1 .7 1 .3 1.0 t r a c e t r a c e
ch3oh 0 .4 0 .7 0 .5 0 .3 t r a c e
MMA (monomer) 19.2 25 . 1 5 8 .0 80 .5 8 5 .80
H2° t r a c e t r a c e t r a c e t r a c e t r a c e
Br2
2 .2 1 .8 1.1 0 .4 t r a c e
M e th a c r y l i c  a c i d t r a c e t r a c e t r a c e t r a c e t r a c e
A l l y l  M e th a c r y l a te 1.6 1.1 0 .5 0 .3 0 .2
1,2 -  D ibrom opropane 0 .2 0 .1 0 . 1 t r a c e t r a c e
I s o m e r ic  d ib ro m o p ro p en es 0 .4 0 . 3 0 .2 t r a c e t r a c e
I s o m e r ic  m onobrom opropenyl 
m e t h a c r y l a t e s  *
1.2 0 .6 0 .4 0 .2 t r a c e
2 ,3  -  D B P M (monomer) 
C R F ( P o ly ( m e t h a c r y l i c
4 1 .3 3 1 .5 14.0 6 .1 2 .2
a n h y d r id e ) ) 13.5 18 .8 14.1 6 .9 4
R es idue 4 3 3 2 2
T o ta l  p r o d u c t s  i d e n t i f i e d 9 4 .7 5 9 2 .6 9 8 .7 9 8 .6 3 9 5 .5 4
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5. 3 THERMAL DEGRADATION o f  2 ,3  -  D B P A -  M M A COPOLYMERS
i .  M o le c u la r  W eigh ts
F iv e  2 ,3  - D  B P A - M M A  copo lym ers  w ere  p r e p a r e d ,  a s  d e s c r i b e d  i n  
C h ap te r  2 ,  i n c o r p o r a t i n g  56% (A^) , 42% (A^) , 18% (Ag) , 14% (A^) 
and 9% (A jq ) o f  2 ,3  -  D B P A u n i t s .  The Number A verage  M o le c u la r  
W eights o f  t h e s e  copo lym ers  w ere  m easu red  b y  th e  m ethod d e s c r i b e d  
in  Chap t e r  2, and a r e  p r e s e n t e d  i n  T a b le  5 . 6 . As th e  M M A c o n te n t
i n c r e a s e s  th e  Number A verage M .o le c u la r  W e ig h t s  d e c r e a s e .
Tab le  5 . 6. Number A verage  M o le c u la r  W eigh ts  o f  2 ,3  -  D B P A -
M M A Copolymers








A10 2 6 4 ,000
i i .  Therm al V o l a t i l i s a t i o n  A n a ly s i s ( T  V A)
T V A therm ogram s o b t a i n e d  i n  th e  d e g r a d a t i o n  o f  2 ,3  -  D B P A -  
MM A copo lym ers  Ag , A^ , Ag , A^ and Ajq f rom  a m b ie n t  t e m p e ra tu re  
to  500°C a t  10°C/min a r e  shown i n  F i g u r e s  5 . 2 1 ,  5 .2 2  , 5 .2 3  , 5 .2 4  
and 5 .2 5  r e s p e c t i v e l y .  T here  a r e  two d i s t i n c t  p e a k s ,  th e  r e l a t i v e  
s i z e  o f  e a c h  peak  b e in g  d e p e n d a n t  on th e  copo lym er c o m p o s i t io n .  
V o l a t i l i s a t i o n  s t a r t s  i n  th e  r a n g e  220° -  230°C r e a c h in g  Tmpy i n  
th e  f i r s t  s t a g e  b e tw e en  330° -  340°C and i n  t h e  r e g i o n  o f  380° -  
390°C i n  t h e  seco n d  s t a g e .  At h i g h e r  m e th y l  m e t h a c r y l a t e  c o n te n t s ,  
th e  f i r s t  s t a g e  i s  c h a r a c t e r i s e d  b y  s i g n i f i c a n t  f o r m a t io n  o f  v o l a -  
t i l e s  con d en sed  i n  th e  0°C t r a p  and  t r a c e s  o f  v o l a t i l e s  condensed  
in  th e  - 4 5 °  , - 7 5 °  , -1 0 0 °  and -196°C  t r a p s .  The seco n d  s t a g e  shows 
t h a t  t h e r e  a r e  p r o d u c t s  o f  a w ide  ra n g e  o f  v o l a t i l i t e s  and a c o n s id ­
e r a b l e  amount o f  m a t e r i a l  i s  n o n - c o n d e n s a b le  a t  -196°C .
A deep y e l lo w  c o ld  r i n g  f r a c t i o n  i s  form ed and  may be d i s s o l v e d  i n  
c h lo ro fo rm  f o r  i n f r a - r e d  s p e c t r o s c o p i c  a n a l y s i s ,  w hich  shows th e  
e x i s t e n c e  o f  c h a in  f ra g m e n ts  and m e t h a c r y l i c  a n h y d r id e  g ro u p s .  A 
s m a l l  amount o f  b l a c k  r e s i d u e  re m a in s  a t  500°C.
i i i .  The S t a b i l i t y  o f  2 , 3 - D B P A - M M A  Copolymers
F ig u re  5. 26 shows th e  i n i t i a l  s t a g e  o f  T V A t r a c e s  o f  2 ,3  -  D B P A
-  M M A copo lym ers  (Ag , A^ , Ag , A^ and Ajq ) a s  w e l l  a s  P 2 ,3  -
D B P A and  P M M A hom opolym ers . F ig u r e  5. 27 shows th e  e f f e c t  o f
copolym er c o m p o s i t io n  on r a t e s  o f  v o l a t i l i s a t i o n  a t  275°C as  m easu red
by th e  P i r a n i  r e a d i n g  a t  t h a t  t e m p e r a t u r e .  I t  shows t h a t  copolym er
A i s  more s t a b l e  th a n  any o f  th e  o t h e r  copo lym ers  and even  the ii  
6
P 2 ,3  -  D B P A and P M M A hom opolym ers. S in c e  th e  r e a c t i v i t y  
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r e s p e c t i v e l y ,  t h i s  s u g g e s t s  t h a t  a l t e r n a t i n g  monomer u n i t s  i n  th e  
copolym er m o le c u le s  f a v o u r  s t a b i l i t y
i v .  T G and D S C
The w e ig h t  l o s s  c u rv e s  f o r  A, , A_ , A. , An , A,_ , P 2 ,3  -  D B P A
o  7  o  y  1 U
and P M M A a r e  shown i n  F ig u r e  5 .2 8 .  V o l a t i l i s a t i o n  s t a r t s  be tw een  
220° -  230°C and d e g r a d a t i o n  o c c u rs  i n  a  two s t a g e  p r o c e s s  a s  p r e ­
v i o u s l y  shown b y  T V A. The r e l a t i v e  im p o r ta n c e  o f  e a c h  s t a g e  i s
d e p e n d an t  on th e  copo lym er c o m p o s i t io n .  T a b le  5 • 7 shows th e  p e r ­
c e n ta g e  w e ig h t  l o s s e s  and th e  T^ay v a lu e s  f o r  t h e  homopolymers and 
copo lym ers .
T ab le  5 . 7. W eight Loss  and T V a lues  f o r  th e  Homopolymersmax
and Copolym ers.
Polymer
F i r s t S ta g e F i r s t S ta g e wt % r e m a in in g  
a t  500°CT wt. l o s s .  % max
°C
T wt, l o s s .  % max
°C
P 2 , 3 -  D B P A 330 80 420 7 13
A6 350 70 410 22 8
A7 360 60 415
32 8
A8 330 50 395 40 5
A9 350 67
395 31 2
A10 335 78 380
18 4
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From f i g u r e  5. 28 , i t  i s  c l e a r  t h a t  A i s  more s t a b l e  th a n  th e  o t h e ro
c o p o ly m ers ,  w hich  i s  i n  ag reem en t  w i th  th e  r e s u l t s  o b t a i n e d  from  
T V A.
D S C  c u rv e s  f o r  A.. , A_ , A0 , A_ , Ain , P 2 ,3  -  D B P A and P M M Ab /  o 9 1U
a re  i l l u s t r a t e d  i n  f i g u r e  3 .2 9 ,  w hich  shows two e n d o th e rm ic  p e a k s .
The g l a s s  t r a n s i t i o n  t e m p e r a tu r e ,T  , o f  th e  copo lym ers  a r e  shown i n
Table  5 » 8 I t  i s  c l e a r  t h a t  a s  2 ,3  -  D B P A c o n t e n t  i n  t h e  c o p o ly ­
mer i n c r e a s e s ,  T d e c r e a s e s .O
Table  5 * 8 . Tg f o r  2 , 3 - D B P A - M M A  copo lym er^
Polym er T , °C
g









P M M A 135
v . Subam bien t T V A and P r o d u c t  A n a ly s i s
Subam bient T V A was c a r r i e d  o u t  u s in g  50 mg o f  th e  copo lym er  sam ples  
a s  d e s c r i b e d  i n  C h a p te r  2 . F ig u r e  5 .3 0  r e p r e s e n t s  a  t y p i c a l  su b ­
am bien t T V A t r a c e ,  w hich shows s e v en  peaks  and r e f l e c t s  t h e  v a r i e t y  
o f  th e  p r o d u c t s  o f  d e g r a d a t i o n .  The c o n d e n sa b le  v o l a t i l e  p r o d u c t s  
were exam ined  by  i n f r a - r e d  s p e c t r o s c o p y  and mass s p e c t r a .  Non — 
c o n d e n sa b le s  were a l s o  s t u d i e d  by t h e s e  t e c h n iq u e s  f o l l o w i n g  
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p r o d u c t s  were exam ined by G L C and mass s p e c t r a .  F ig u r e  5 .31 
r e p r e s e n t s  a g 1 c t r a c e  o f  p e a k s  4 ,  5 ,  6 and  7 o f  th e  d e g ra d a ­
t i o n  p r o d u c t s  from  th e  su b a m b ie n t  T V A. A c o m p le te  l i s t  o f  p r o d u c t s  
o f  d e g r a d a t i o n  o f  2 , 3 - D B P A - M M A  copo lym ers  to  500°C i s  shown 
i n  T ab le  5 . 9.
The p r o d u c t s  i n d i c a t e d  by  * c o u ld  n o t  be  c o n f i rm e d  due t o  th e  non­
a v a i l a b i l i t y  o f  r e f e r e n c e  compounds.
The s te p w is e  d e g r a d a t i o n  p r o c e d u r e ,  d e s c r i b e d  i n  C h a p te r  4 , was
c a r r i e d  o u t  on a s i n g l e  sam ple o f  A0 copolym er u s in g  th e  su b a m b ie n to
a p p a r a t u s .  The s e r i e s  o f  S A T V A c u rv e s  o b t a i n e d  i s  shown i n  
f i g u r e  5*32. M ethy l b rom ide  p eak s  a p p e a r  a t  280°C show ing a maximum 
a t  300°C and a n o th e r  maximum a t  360°C, as  i n  th e  2 , 3 - D B P M -  
M M A copolym er d e g r a d a t i o n .  The m e th a n o l  peak  a p p e a r s  a t  360°C 
s u g g e s t i n g  t h a t  i t  i s  p ro d u c e d  o n ly  i n  t h e  seco n d  s t a g e  o f  t h e  
d e g r a d a t i o n .  Peaks  5 ,  6 and  7 a r e  p r e s e n t  a t  a l l  s t a g e s  from  230°C.
v i .  Q u a n t i t a t i v e  E s t im a t i o n  o f  t h e  D e g r a d a t io n  P r o d u c t s  
T ab le  5# 10 r e c o r d s  a  q u a n t i t a t i v e  s tu d y  o f  t h e  p r o d u c t s  o f  d e g ra d a ­
t i o n  o f  2 , 3 - D B P A - M M A  copolym ers^  I  r  s p e c t r o s c o p i c  t e c h ­
n iq u e s  w ere  u se d  f o r  th e  a n a l y s i s  o f  t h e  p r o d u c t s  o f  p e a k s  1, 2 and 
3 and g 1 c t e c h n iq u e s  f o r  t h e  p r o d u c t s  i n  p e a k s  4 , 5 ,  6 and 7.
Again m a t e r i a l s  m arked * h av e  n o t  b e e n  c o n f i rm e d .  F i g u r e  5* 33 shows 
th e  v a r i a t i o n  o f  CH^Br, CH^OH and C R F f o r m a t io n  w i th  t h e  copo­
































































F S ubam bien t T V A c u rv e s  f o r  d e g r a d a t i o n  o f  a s i n g l e  sam ple
o f  A0 copo lym er  (from  am b ien t  t o  s u c c e s s i v e l y  h i g h e r  
8
t e m p e r a tu r e  a t  10 /m in  , 50 mg sam ple  s i z e ) .  Sample 
h e ld  a t  e a ch  t e m p e ra tu re  w h i le  p r o d u c t s  were c o l l e c t e d






















o  o  
in uo
o  oi£> *4
O  O  
C"* CO
O  O  
CO CM









































T able  5 .1 0 ,  Q u a n t i t a t i v e  A n a ly s i s  o f  th e  p r o d u c t s  o f  d e g r a d a t i o n  o f  
2 , 3 - D B P A - M M A  copolym ers  (2 0 ° -5 0 0 °C ,  a t  10°/m in)





H Br 4 .2 0 2 .5 1.00 t r a c e t r a c e
C°2 4.61 3. 16 1 .4 1. 1 0 .7 0
Propene 0 .4 0 .3  - 0 .2 - -
CH3Br 2 2 .3 7 18 .33 13.04 8 .0 4 5 .8 9
A l l y l  b rom ide 4 .6 3 3. 17 1.42 1.22 0 .7 6
c b 3oh 1.5 0 .8 3 0 .6 2 t r a c e t r a c e
M M A (monomer) 18.2 37. 1 5 8 .3 74 .2 8 0 .7
H2° t r a c e t r a c e t r a c e
t r a c e t r a c e
M e th a c r y l i c  a c id t r a c e t r a c e t r a c e t r a c e t r a c e
P r o p - l - e n - 3 - o l  * 0 .4 0 .3 0. 1 t r a c e t r a c e
M o n o b ro m o p ro p - l -e n -3 -o l  * 0 .4 0 .3 0 . 1 t r a c e t r a c e
1,2 -  d ib rom opropane 1.5 1 .0 0 .5 0 .3 0 .2
2 ,3  -  d ib ro m o p ro p - l - e n e 2 .3 1 .5 0 .7 0 .4 0 .3
1,2 -  d ib ro m o p ro p - l - e n e 1.9 1 .2 0 .6 0 .4 0 . 3
I s o m e r ic  m onobrom opropenyl 
a c r y l a t e s  ^ 3 .0 1.9 0 .7 0 .3 0 .2
2 ,3  -  d ib r o m o p r o p a n - l - o l 2 .2 1.9 1 .0 0 .6 0 .5
I s o m e r ic  d im e r ic  s p e c i e s  b a s e d 1 .0 0 .7 0 .8 0 .7 0 .7
on a l l y l  a c r y l a t e  *
2 , 3 -  d ib ro m o p ro p y l  a c r y l a t e  
(monomer) 0 .9 1 .3 1.6 1.9 2 .2
2 ,3  -  d ib ro m o p ro p y l  m e t h a c r y l a t e t r a c e t r a c e t r a c e t r a c e t r a c e
C R F ( c h a in  f r a g m e n ts  + p o ly  
( m e t h a c r y l i c  a n h y d r id e ) ) 2 7 .5 21 .31 13.2 8 .0 5 .2
R esidue 2 2 2 2 2
T o ta l  p r o d u c t 99 .01 9 8 .8 9 7 .2 8 99. 16 9 9 .6 5
5 . 3 DISCUSSION
The f o r m a t io n  o f  m e th y l  b rom ide  and m e th a n o l ,  n e i t h e r  o f  w hich  a t e  
fo rm e d in  t h e  d e c o m p o s i t io n  o f  e i t h e r  o f  th e  hom opolym ers , d e m o n s t r a te s  
t h a t  i n t e r a c t i o n  t a k e s  p l a c e  be tw een  b o th  t h e b r o m in a t e d  monomers and 
M M A d u r in g  d e c o m p o s i t io n  o f  t h e  co p o ly m e rs .  But p e rh a p s  th e  m ost 
s u r p r i s i n g  r e s u l t  i s  th e  trem endous d e c r e a s e  i n  th e  p r o p o r t i o n  o f  HBr, 
e s p e c i a l l y  i n  th e  d e g r a d a t i o n  o f  2 ,3  -  D B P A -  M M A c o p o ly m e rs .
The o t h e r  d e g r a d a t i o n  p r o d u c t s  form ed i n  th e  d e g r a d a t i o n  o f  P 2 ,3  -  
D B P M and P 2 , 3 - D B P A  homopolymers w ere  o b s e rv e d  a l s o  i n  th e  
d e g r a d a t i o n  o f  th e  c o r r e s p o n d in g  copo lym ers ,  a l t h o u g h  g r a d u a l l y  de­
c r e a s i n g  i n  amount as  th e  p r o p o r t i o n  o f  M M A i n  t h e  copo lym er i s  
i n c r e a s e d .  I n  d i s c u s s i n g  th e  d e t a i l e d  r e a c t i o n  m echanism s o f  t h e s e  
copolym er s y s te m s ,  i t  i s  c o n v e n ie n t  to  c o n s i d e r  t h e  two copolym ers  
s e p a r a t e l y .
i .  2 , 3 - D B P M - M M A  Copolymer
a .  The p r e d o m in a t in g  d e g r a d a t i o n  p r o d u c t s  a r e  t h e  two monomers,
MM A v a r y i n g  from  19.2% to  85.8% and 2 , 3 - D B P M  from  41 % to2.2%
as shown i n  T a b le  5 . 5 .  The f o rm a t io n  o f  t h e s e  monomers r e f l e c t s  t h e  
c h a r a c t e r i s t i c  mode o f  p o l y m e th a c r y l a t e  d e g r a d a t i o n  o b s e rv e d  by 
G r a s s ie  and  d e s c r i b e d  e a r l i e r  i n  C h a p te r  4.
b .  M e thy l  Bromide F o rm a tio n
33Z u t ty  and Welch s u g g e s t e d  t h a t  t h e  VB -  M M A copo lym er sy s te m  i s  
one o f  s e v e r a l  i n  w hich  d e g r a d a t i o n  o c c u rs  by  i n t r a m o l e c u l a r  
l a c t o n i z a t i o n  i n v o l v i n g  a d j a c e n t  v i n y l  h a l i d e  and e s t e r  g ro u p s  i n  t h e  
copo lym er c h a in  and th e  r e l e a s e  o f  a l k y l  h a l i d e  a s  a  v o l a t i l e  p r o d u c t .
<rH3 <f H3 r u
-vsrCHy—C -wCHjr-C <CH-w-
A  S '  -------------------- *  ----------- °  *  CB3BrQ "  o c h 3 0
34 , 35, 36
M cN eill  e t  a l  t s u g g e s t e d  t h a t  HC1 can c o n v e r t  th e  e s t e r  group i n  
P M M A to  m e t h a c r y l i c  a c id  w i th  e v o l u t i o n  o f  CH  ^ Cl i n  th e  d e g ra d a ­
t i o n  b o t h  o f  VC -  M M A copo lym ers  and PVC -  P M M A b l e n d s .  In  a 
r e c e n t  s tu d y  i t  was shown t h a t  m e th y l  b rom ide  i s  form ed i n  th e
d e g r a d a t i o n  o f  v i n y l  b ro m id e -m e th y l  m e t h a c r y l a t e  (VB -  M M A) copo-
37
lym ers and PVB -  P M M A b l e n d s  , a s  w e l l  a s  l a c t o n e  and a n h y d r id e  
s t r u c t u r e s  w h ich  can  have  a s t a b i l i z i n g  e f f e c t ,  on th e  d e p o ly m e r i s a ­
t i o n  r e a c t i o n .  From F ig u r e  5 .1 8  i t  i s  shown t h a t  CH^Br i s  form ed 
a t  280°C, w h ich  i s  th e  same t e m p e ra tu re  a t  w h ich  H Br i s  form ed i n  
th e  d e g r a d a t i o n  o f  P 2 ,3  -  D B P M homopolymer.
I t  seems t h a t  H Br a t t a c k s  th e  e s t e r  g ro u p s  o f  M M A u n i t s  w i th  
e v o l u t i o n  o f  m e th y l  b ro m id e .
c h 3 c h 3  c h 3
—w“CH2—C-w- ~vr CH2— C-w- -W-CH2—C-w
HBr +  0  —  C = 0  ---------- >  H - 0 — C = 0  ---------> H_ 0 - C = 0
1 1
CH3 Br-  c h 3 +  CH3 Br
The d a t a  i n  T a b le  5 .  5 show t h a t  t h e  h i g h e s t  v a lu e  f o r  m e th y l  b rom ide  
i s  5.1% f o r  copo lym er  A ^  and from  F ig u r e  5 .2 0  i t  i s  o b v io u s  t h a t  th e  
maximum v a lu e  l i e s  i n  t h e  ra n g e  o f  copo lym er c o m p o s i t io n  b e tw een  A^ 
and A^*
Table  5 . 11 p r e s e n t s  d a t a  on th e  sequence  d i s t r i b u t i o n  o f  monomer
38u n i t s  i n  th e  copo lym ers  o b t a i n e d  u s in g  a m ethod d e v e lo p e d  by  Harwood , 
w hich r e q u i r e s  r e a c t i v i t y  r a t i o  v a l u e s ,  monomer m ix tu r e  and copolym er 
c o m p o s i t io n  d a t e .  T h is  s t a t i s t i c a l  m ethod shows t h a t  t h e  maximum 
number o f  2 , 3 - D B P M - M M A  bonds o c c u r  a t  a  copo lym er  c o m p o s i t io n  
o f  5 0 .5  -  49.5% 2 , 3 - D B P M - M M A .  Thus i t  seems t h a t  th e  
fo rm a t io n  o f  m e th y l  b rom ide  i s  a  d i r e c t  f u n c t i o n  o f  t h e  p r o p o r t i o n
125
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o f  a d j a c e n t  2 , 3 - D B P M - M M A  u n i t s  i n  th e  c opo lym er ,
c . M ethano l F o rm a t io n
36
M cN eill  and h i s  c o l l e a g u e s  d i d  n o t  f i n d  m e th a n o l  m  th e  p r o d u c t s
33o f  d e g r a d a t i o n  o f  PVC -  P M M A m i x t u r e s ,  n o r  d i d  Z u t ty  and Welch ,
i n  th e  d e g r a d a t i o n  o f  PVC -  P M M A b l e n d s .  M e th an o l  i s  form ed i n
37s m a l l  am ounts i n  th e  d e g r a d a t i o n  o f  VB -  M M A copo lym ers  
We have found  m e th a n o l  i n  th e  p ro d u c ts  o f  t h e  shcond  s t a g e  o f  d e g ra d a ­
t i o n  o f  2 , 3 - D B P M - M M A  copo lym ers  w i t h  a  maximum v a lu e  o f
o.7% i n  copo lym er  A^. F ig u r e  5 .1 8  shows t h a t  CH ^Br r e a c h e s  
maxima a t  300°C and 360°C w hich  s u g g e s t s  t h a t  t h e r e  i s  a n o th e r  type  
o f  r e a c t i o n  w hich  may o c c u r  t o  p ro d u c e  CH ^Br and CH^OH. The 
f o l lo w in g  m echanism  i s  p ro p o s e d .
c h 3  c h 3  c h 3 c h 3
I I I J  I J
-W C H2— C— CHZ—C—CH2-w ^ C H 2 - C — CH2 — C - C H ^
HBr +  0 = C —0  0=C—0 ----------»• 0 = C —0 — >• C - O - H
| I I II I
CH3 c h 3 c h 3  0  CH3
J  Br"
f *  f *  C „ 3
- w c h 2 —  C—  C H 2— C -C H 2v t  ^ C H 2 - C - C H 2 - C — CH2 w-
0 = C .  X = 0\  /   > 0=cx x=o
0  0 X  
c h 3 Br
+  c h 3 o h -+ CH3Br
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In  t h i s  mechanism  f o r  th e  r e a c t i o n  be tw een  h yd rogen  b rom ide  and M M A 
m e th y l  b rom ide  and m e th a n o l  would  be form ed i n  e q u im o le c u la r  am ounts . 
The a d d i t i o n a l  CH^Br would be  form ed i n  th e  r e a c t i o n  p r e v i o u s l y  
d i s c u s s e d .  M ethano l f o r m a t io n  a l s o  r e a c h e s  a maximum when th e  
number o f  a d j a c e n t  2 , 3 - D B P M - M M A  bond i n  th e  copolym er i s  a t  
a maximum.
d. Of th e  p r o d u c t s  n o t  so f a r  d i s c u s s e d ,  p o l y m e th a c r y l i c  a n h y d r id e
shows a  maximum i n  th e  A^ copo lym er.  The f o rm a t io n  o f  t h i s  p r o d u c t
can be s a t i s f a c t o r i l y  e x p la i n e d  by th e  r e a c t i o n s  w hich  p ro d u ce  CH^Br
a lo n e ,  o r  CH^Br and CH^OH , w h ich  have  j u s t  b e e n  d e s c r i b e d ,  a s  w e l l
as  th e  r e a c t i o n  d e s c r i b e d  i n  C h a p te r  4. I n d e e d ,  th e  fo rm a t io n  o f
th e  a n h y d r id e  s t r u c t u r e  i n  t h e  copo lym er  c h a in  h a s  a  s t a b i l i z i n g
e f f e c t  on th e  d e p o ly m e r i s a t i o n  r e a c t i o n .  T h is  i s  e x p la i n e d  i f  th e s e
s t r u c t u r e s  a c t  as  " b l o c k i n g 11 g ro u p s  w hich  i n t e r r u p t  th e  u n z ip p in g
30
p r o c e s s  w h ic h ,  m  P M M A ,h a s  a  lo n g  z ip  l e n g t h  . Thus th e  end  -  
i n i t i a t e d  d e p o ly m e r i s a t i o n  i s  a lm o s t  e l i m i n a t e d  and th e  random -  
i n i t i a t e d  d e p o ly m e r i s a t i o n  r e q u i r e s  a  h i g h e r  e n e rg y  o f  a c t i v a t i o n .
O th e r  u n i t s  i n c o r p o r a t e d  i n t o  t h e  P M M A c h a in  can  a l s o  have  t h i s
39-42
p r o p e r t y
i i .  2 , 3  -  D B  P A - M M A  Copolym er
a .  As w e l l  a s  th e  f o rm a t io n  o f  M M A monomer as  a  m a jo r  p r o d u c t
r a n g in g  from  18.2% t o  80.7% , t h e  y i e l d  o f  2 , 3  -  D B P A monomer i s
g r e a t e r  th a n  i n  th e  d e g r a d a t i o n  o f  P 2 ,3  -  D B P A hom opolymer,
r a n g in g  from  0 .9  % t o  2 .2  %. T a b le  5 .1 0  shows t h a t  2 ,3  — D B P A
monomer i n c r e a s e s  as  th e  c o n c e n t r a t i o n  o f  a c r y l a t e  i n  th e  copolym er
.24
i s  d e c r e a s e d .  I t  was o b s e rv e d  by  G r a s s i e  t h a t  M A monomer i s  
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I t  seems t h a t  s i n g l e  a c r y l a t e  u n i t s  can r e a d i l y  p a r t i c i p a t e  i n  an 
u n z ip p in g  p r o c e s s  b u t  t h a t  u n z ip p in g  c a n n o t  p a s s  th ro u g h  g roups  o f  
2 ,3  -  D B P A u n i t s .
b .  M ethy l Brom ide, M ethano l  and A nhydride  F o rm a t io n  
The m echanism s r e s u l t i n g  i n  t h e  f o r m a t io n  o f  t h e s e  p r o d u c t s  s h o u ld  
be e x p e c te d  t o  be  i d e n t i c a l  to  th o s e  a l r e a d y  p r e s e n t e d  i n  th e  d i s ­
c u s s io n  o f  t h e  d e g r a d a t i o n  o f  2 ,3  -  D B P M  -• 'M M A  copo lym er.
CH^Br and CH^OH p r o d u c t i o n  show maxima o f  22.3% and 1.5% r e s p e c t ­
i v e l y  from  copolym er A . The c o ld  r i n g  f r a c t i o n  shows a maximum o fo
27.5% from  copolym er A^. T a b le  5 . 12 shows t h a t  t h e  maximum p r o p o r ­
t i o n  o f  2 , 3 - D B P A - M M A  bonds o c c u r s  i n  copo lym er  A^, w hich  
y i e l d  t h e  h i g h e s t  p e r c e n t a g e s  o f  t h e s e  p r o d u c t s .  The fo rm a t io n  o f  
h ig h  y i e l d  o f  a n h y d r id e  s t r u c t u r e  may s t a b i l i z e  copo lym er A^ more 
th a n  th e  o t h e r s .
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CHAPTER 6
THERMAL DEGRADATION o f  2 , 3  -  D B P M -  S and 2 ,3  -
D B P A -  S COPOLYMERS
6. 1 INTRODUCTION
I t  h a s  b een  shown in  th e  p r e v i o u s  c h a p te r  t h a t  th e  t h e r m a l  d e g r a d a t i o n  
b e h a v io u r  o f  2 , 3  -  D B P M and 2 ,3  -  D B P A u n i t s  can  be g r e a t l y  
i n f l u e n c e d  by  th e  p r e s e n c e  o f  M M A g ro u p s  i n  t h e  po lym er  c h a in .
4-
The th e rm a l  d e g r a d a t i o n  o f  p o l y s t y r e n e  i n v o lv e s  b o th  d e p r o p a g a t io n  and 
t r a n s f e r  r e a c t i o n s .  The d e g r a d a t i o n  p r o d u c t s  t y p i c a l l y  c o n t a i n  
monomer c o m p r i s in g  42% o f  th e  o r i g i n a l  sample w e i g h t ,  w i t h  p r o g r e s s ­
i v e l y  d e c r e a s i n g  amounts o f  d im e r ,  t r i m e r ,  t e t r a m e r ,  p e n ta m e r  and
43
sm a ll  am ounts o f  t o lu e n e  and b e n z en e  . Copolym ers o f  2 ,3  -  D B P M -  S 
and 2 , 3 - D B P A - S  were t h e r e f o r e  s t u d i e d ,  i n  o r d e r  t o  d e te rm in e  
w h e th e r  any  i n t e r a c t i o n  be tw een  th e  monomer u n i t s  t a k e s  p l a c e  d u r in g  
th e  d e g r a d a t i o n  p r o c e s s .  I n  t h i s  c h a p t e r  th e  t h e r m a l  d e g r a d a t i o n  o f  
th e s e  c o p o ly m e rs  w i l l  be  d e s c r i b e d ,  t h e i r  d e g r a d a t i o n  p r o d u c t s  r e p o r t e d  
e i t h e r  q u a l i t a t i v e l y  o r  q u a n t i t a t i v e l y ,  and f i n a l l y  t h e i r  s t a b i l i t y  and 
d e g r a d a t i o n  m echanism s d i s c u s s e d .
6 . 2 THERMAL DEGRADATION o f  2 , 3  -  D B P M -  S COPOLYMERS
i .  M o le c u la r  W eigh ts
Number A verage M o le c u l a r  W e ig h ts  w ere  m easu red  by th e  m ethod o u t l i n e d  
i n  c h a p t e r  2 . F iv e  2 , 3 - D B P M - S  copo lym ers  were p r e p a r e d  
c o n ta i n in g  th e  f o l l o w i n g  mole % o f  2 ,3  -  D B P M :
63% (An ) ,  55% (Aj2 ) ,  31% (Aj 3) ,  23% (Aj4 > and 13% (AJ5>.
Table 6 - 1  l i s t s  the Number Average M olecular W eights o f  these  
copolymers.
T ab le  6* 1*. Number A verage M o le c u la r  W eigh ts  o f  2 ,3  -  D B P M -  S
Copolym ers
2 ,3  -  D B P M -  S Mn
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i i .  Thermal V o l a t i l i s a t i o n  A n a l y s i s  ( T V A)
The copo lym ers  w ere  exam ined  i n  th e  fo rm  o f  a  w h i t e  powder w i th
sample s i z e  50 mg. They w ere  h e a t e d  from  am b ien t  t e m p e r a tu r e  to
500°C a t  10°C/min u n d e r  n o rm a l  T V A c o n d i t i o n s .  The T V A t r a c e s
o f  th e  copo lym ers  A ^  , A ^  » , A ^  and A ^  a r e  shown i n  f i g u r e s
6. 1, 6. 2 ,  6. 3, 6. 4 and 6. 5 r e s p e c t i v e l y .  At h i g h e r  2 ,3  -  D B P M
c o n t e n t s ,  t h e  T V A t r a c e s  r e v e a l  a  r e l a t i v e l y  s h a rp  m ain  peak
f o l lo w e d  by a s m a l l  b r o a d  p e a k .  At h i g h e r  s t y r e n e  c o n t e n t s ,  t h e r e
a r e  two d i s t i n c t  p e a k s .  V o l a t i l i s a t i o n  s t a r t s  be tw een  230° -  255°C
and r e a c h e s  T a t  325°C and a g a in  a t  396°C. A l l  t h e  t r a c e s  a r e  max
s e p a r a t e d  to  some e x t e n t ,  s u g g e s t i n g  t h a t  p r o d u c t s  w i th  a  ran g e  o f  
v o l a t i l i t i e s  a r e  b e in g  e v o lv e d .  The -196°C t r a c e  i n d i c a t e s  t h a t  a  
n o n -c o n d e n s a b le  f r a c t i o n  i s  a l s o  b e in g  form ed a t  an  e a r l y  s t a g e .
The c o ld  r i n g  f r a c t i o n  was c o lo u r e d  deep y e l lo w  and was d i s s o l v e d  i n  
c h lo ro fo rm  f o r  i n f r a - r e d  s p e c t r o s c o p i c  a n a l y s i s .  A s m a l l  amount o f  
r e s i d u e  rem a in e d  a t  500°C.
i i i .  T G and D S C
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6 . 6 . The sam ple was h e a te d  a t  10° p e r  m in u te  from  am b ie n t te m p e ra tu re  
to  500°C . W eight l o s s  s t a r t s  be tw een  225°-250°C  and o c c u rs  i n  a two 
s ta g e  p r o c e s s ,  th e  r e l a t i v e  im p o rta n c e  o f  ea ch  s ta g e  b e in g  d ep e n d an t 
on th e  copo lym er c o m p o s i tio n . T ab le  6  . 2 shows th e  p e rc e n ta g e  w e ig h t
lo s s  o f  e a ch  copo lym er i n  e a c h  s ta g e .  The s t a b i l i t y  o f  th e  copo lym er 
i n c r e a s e s  a s  th e  s ty r e n e  c o n te n t  o f  th e  copo lym er i n c r e a s e s .
D S C  c u rv e s  f o r  th e s e  c o p o ly m e rs ( f ig u re  6 .7 )  show two e n d o th e rm ic  
p e a k s , th e  r e l a t i v e  s i z e  o f  th e  p e a k s  b e in g  d e p e n d an t upon copo lym er 
c o m p o s itio n . The g l a s s  t r a n s i t i o n  te m p e r a tu r e s , T , o f  th e  c o p o ly -  
m ers d e c re a s e  a s  2 ,3  -  D B P M c o n te n t  i n c r e a s e s .
T ab le  6 * 2. P e rc e n ta g e  W eigh t L oss o f  2 ,3  - D B P M -  S C opolym ers
Sam ple h e a te d  a t  10° p e r  m in u te  from  am b ie n t te m p e ra tu re  
to  500°C








i v .  S ubam bien t T V A and  P ro d u c t  A n a ly s is
Subam bient T V A was c a r r i e d  o u t  u s in g  50 mg sam ples o f  th e  c o p o ly m e rs . 
Each sam ple was h e a te d  from  am b ie n t te m p e ra tu re  to  500°C a t  10°/m in  
u n d e r n o rm a l su b am b ien t T V A c o n d i t io n s ,  as  d e s c r ib e d  i n  C h a p te r  2 . 
F ig u re  6 . 8  shows th e  su b a m b ie n t T V A t r a c e  o f  th e  copo lym er A j y  
I  r  , m ass s p e c tro m e try  and g 1 c w ere u sed  to  exam ine th e s e  conden­
s a b le  d e g ra d a t io n  p r o d u c ts  w ith  th e  r e s u l t s  shown in  f i g u r e s  6 .9  and
CO
to in
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F i g .  6.12. S ubam bien t T V A c u rv e s  f o r  th e  d e g ra d a t io n  o f  a s i n g l e  sam ple 
o f  A ( f o r  program med d e g ra d a t io n  u n d e r vacuum from  am b ie n t to  
s u c c e s s iv e ly  h ig h e r  te m p e ra tu re  a t  10°/m in  , 50 mg sam p le  s i z e ) .  
Sam ple h e ld  a t  ea ch  te m p e ra tu re  w h ile  p r o d u c ts  w ere c o l l e c t e d
6*10. The n o n -c o n d e n s a b le  m a t e r i a l s  w ere c o l l e c t e d  i n  a  c lo s e d  
sy s te m  and w ere exam ined  by i  r  and m ass s p e c t r o m e tr y .  Cold r in g  
f r a c t i o n s  w ere  exam ined  by i  r  i n  c h lo ro fo rm  s o l u t i o n ,  and g 1  c 
( f ig u r e  6 .1 1 ) .  The d e g r a d a t io n  p r o d u c ts  o f  th e  2 ,3  - D  B P M -  S 
copo lym ers have  been  i d e n t i f i e d  to  th e  e x te n t  shown i n  T a b le  6 - 3 .
As b e f o r e ,  th e  i d e n t i t y  o f  p r o d u c ts  i n d i c a t e d  by * i s  t e n t a t i v e .
The s te p w is e  d e g ra d a t io n  p ro c e d u re  d e s c r ib e d  i n  C h a p te r  4 , was 
c a r r i e d  o u t  on a s i n g l e  sam ple  o f  A ^  copo lym er i n  th e  S A T V A 
a p p a r a tu s .  The te m p e ra tu re  o f  th e  s ta g e s  ra n g e d  from  240°C to  
500°C , and  f ig u r e  6 .1 2  shows th e  s e r i e s  o f  S A T V A c u rv e s  o b ta in e d  
Peak 1 f i r s t  a p p e a re d  a t  a  much h ig h e r  te m p e ra tu re  th a n  th e  o th e r  
th r e e  p eak s  a s  i n  th e  d e g r a d a t io n  o f  2 ,3  -  D B P M and 2 ,3  -  D B P A
hom opolym ers; up to  320°C, p eak  1 c o n s i s t s  o f  HBr o n ly ,  a f t e r  w hich
CC  ^ i s  form ed c o n t in u o u s ly  to  500°C . No HBr was form ed above 420°C
v . Q u a n t i t a t i v e  M easurem ent o f  D e g ra d a tio n  P ro d u c ts  
I n f r a - r e d  s p e c t r o s c o p y  and  g 1 c w ere u se d  f o r  q u a n t i t a t i v e  a n a ly s i s  
o f  th e  d e g ra d a t io n  p r o d u c ts  a s  d e s c r ib e d  i n  C h a p te r  2 . I  r  was 
u sed  f o r  p e a k s  1 and  2 i n  th e  S A T V A and g 1 c f o r  p eak s  3 and  4 
T a b le  6 * 4  l i s t s  th e  q u a n t i t a t i v e  a n a ly s i s  o f  th e  d e g ra d a t io n
p ro d u c ts  o f  2 ,3  -  D B P M -  S copo lym ers  to  500°C a t  10°/m in .
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6 . 3  THERMAL DEGRADATION o f  2 ,3  -  D B P A -  S COPOLYMERS
i . M o le c u la r  W eigh ts
F iv e  copo lym ers  w ere p r e p a re d  a s  d e s c r ib e d  in  C h a p te r  2 , th e  p o ly ­
m e r i s a t io n  b e in g  s to p p e d  a t  5% c o n v e rs io n . The m ole % o f  2 ,3  -  
D B P A in  th e  f iv e  copo lym ers was a s  fo l lo w s  : 57% ( A ^ ) ,  48% ( A ^ ) ,
29% (A Q) , 21% (Ain ) ,  17% (Aor. ) . T a b le  6 » 5 shows th e  Number A verageio  i y zu
M o le c u la r  W e ig h ts  o f  th e s e  c o p o ly m e rs .
T ab le  6 » 5. Number A verage M o le c u la r  W eigh ts  o f  2 ,3  -  D B P A -  S
Copolym ers
Polym er Mn
A16 248 ,0 0 0





i i . Therm al V o l a t i l i s a t i o n  A n a ly s is  (T V A)
F ig u re s  6 -1 3 , 6 . 14, 6 . 15, 6 . 16 and 6 .1 7  show th e  T V A t r a c e s  f o r  th e
A , A ,.., A10, Ain and A copo lym ers r e s p e c t i v e l y .  In  ea ch  c a se  16 1 /  lo  iy zu
th e r e  i s  a  s h a rp  peak  fo llo w e d  by a low b ro a d  p eak  and th e  r e l a t i v e  
s i z e s  o f  th e  p e a k s  a r e  d ep e n d an t on th e  copo lym er c o m p o s itio n . 
V o l a t i l i s a t i o n  s t a r t s  a t  233°C and r e a c h e s  maxima a t  330°C and a g a in  
a t  397°C. The s e p a r a t i o n  o f  th e  c u rv e s  shows t h a t  t h e r e  a r e  p r o d u c ts  
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( e p j ) p d > n o  tuDjjcj
i s  n o n -c o n d e n s a b le  a t  -1 9 6 °C . A y e llo w  c o ld  r i n g  f r a c t i o n  i s  form ed 
and may be  d i s s o lv e d  in  c h lo ro fo rm  f o r  i  r  a n a l y s i s .  A s m a ll amount 
o f  r e s id u e  rem a in s  a t  500°C .
i i i .  T G and D S C
F ig u re  6  « 18 shows th e  T G t r a c e s  o f  th e  f i v e  2 , 3 - D B P A - S
copo lym ers ( A ,- ,  A , A1C, Air. and Aor.) o b ta in e d  u n d e r  th e  same co n - io  i / lo  1 y zu
d i t i o n s  a s  d e s c r ib e d  e a r l i e r  f o r  th e  2 , 3 - D B . P M - S  co p o ly m ers .
F o r th e  th r e e  copo lym ers o f  h i g h e s t  2 ,3  -  D B P A c o n c e n t r a t io n ,  th e  
T G c u r v e s ,  o b ta in e d  u n d e r  n i t r o g e n  (50 m l/m in  ) ,  have two d i s t i n c t  
s t a g e s .  T a b le  6  » 6  shows th e  p e rc e n ta g e  w e ig h t lo s s  o f  th e  copo­
lym ers i n  e a c h  s t a g e .  The s t a b i l i t y  o f  th e  copo lym er i n c r e a s e s  w i th  
i n c r e a s in g  s ty r e n e  c o n te n t .
T ab le  6  • 6 . P e rc e n ta g e  W eigh t L oss o f  2 , 3 - D B P A - S  C opolym ers
Sam ples h e a te d  a t  10° p e r  m in u t? fro m  a m b ien t te m p e ra tu re  
to  500°C









D S C  c u rv e s  o f  th e  copo lym ers ( f i g u r e  6  • 19) show i n  th e  c a se  o f
th e  th r e e  copo lym ers  o f  h ig h e s t  s ty r e n e  c o n te n t ,  tw o -e n d o th e rm ic  
peaks b e tw een  3 2 0 °-  330°C and 3 6 0 °-  375°C r e s p e c t i v e l y .  The two copo­
lym ers o f  h i g h e s t  2*3 -  D B P A c o n te n t  g iv e  o n ly  th e  s in g l e  lo w er
155
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te m p e ra tu re  p e a k . The g l a s s  t r a n s i t i o n  te m p e r a tu r e s ,  T , o f  th e
8
copo lym ers ra n g e  from  50°C to  85°C, d e c re a s in g  a s  2 ,3  -  D B P A 
c o n te n t  i n c r e a s e s .
i v .  S ubam bien t T V A and P ro d u c t A n a ly s is
The c o n d e n sa b le  d e g ra d a t io n  p r o d u c ts  w ere s e p a r a te d  by  su b am b ien t 
T V A u s in g  50 mg sam p les o f  ea ch  o f  c o p o ly m er, w h ich  w ere h e a te d  
from  a m b ie n t te m p e ra tu re  to  500°C a t  10°C/m in u n d e r  n o rm a l T V A 
c o n d i t io n s .
F ig u re  6 .2 0  shows th e  S A T V A t r a c e  o f  copo lym er A Q, w h ich
1 o
e x h i b i t s  f o u r  d i s t i n c t  peaks. I  r f m ass s p e c tro m e try  and g 1 c w ere 
u sed  to  i d e n t i f y  th e s e  p r o d u c ts .  F ig u re  6.21 shows th e  g 1 c
t r a c e  f o r  p e a k s  3 and 4 , w h ile  peak  1 c o n ta in s  HBr, CO  ^ and peak  2 
c o n ta in s  ally l b ro m id e . A l i s t  o f  th e  p r o d u c ts  o f  d e g r a d a t io n  i s  
g iv e n  i n  T a b le  6  . 7 . A gain  th e  p r o d u c ts  i h d ic a te d  by  * sh o u ld




































































































































































The s te p w is e  d e g r a d a t io n  p ro c e d u r e ,  d e s c r ib e d  in  C h a p te r  4 , was 
c a r r i e d  o u t  on a s in g l e  sam ple o f  A Q copo lym er in  th e  S A T V A
1 O
a p p a r a tu s .  The te m p e ra tu re  o f  th e  s ta g e s  ra n g e d  from  250° to  500°C . 
The s e r i e s  o f  S A T V A c u rv e s  shown in  F ig u re  6 .2 2  was o b ta in e d .  
A g a in , HBr f i r s t  a p p e a re d  (p eak  1) a t  a much h ig h e r  te m p e ra tu re  
th a n  th e  o th e r  th r e e  p e a k s .
v . Q u a n t i t a t i v e  M easurem ent o f  D e g ra d a tio n  P ro d u c ts  
I n f r a - r e d  s p e c t r o s c o p y  was u sed  f o r  q u a n t i t a t i v e  a n a ly s i s  o f  p eak s  
1 and 2 i n  th e  S A T V A and g 1 c f o r  p e a k s  3 and 4 . T a b le  6  . 8  
g iv e s  th e  q u a n t i t a t i v e  a n a ly s i s  o f  th e  d e g ra d a t io n  p r o d u c ts  o f
2 , 3 - D B P A - S  co p o ly m ers  h e a te d  to  500°C a t  10°C /m in. V a lu es  












Fi g*  6 . 2 2 .  Subam bien t T V A c u rv e s  f o r  d e g ra d a t io n  p r o d u c ts  o f  a
s in g l e  sam ple o f  2 , 3  -  D B P A -  S copo lym er (A .g) from  
program med d e g ra d a t io n  u n d er vacuun^from  a m b ien t to  s u c ­
c e s s iv e ly  h ig h e r  te m p e ra tu re s  a t  10 /m in  , 50 mg sam ple 
s i z e .  Sam ple h e ld  a t  each  te m p e ra tu re  w h ile  p ro d u c ts  
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6 . 4 DISCUSSION
The th e rm a l d e g ra d a t io n  o f  p o ly s ty r e n e  h a s  r e c e iv e d  a  g r e a t  d e a l  o f
a t t e n t i o n ,  and y e t  th e  m echanism  o f  d e g ra d a t io n  i s  s t i l l  th e  s u b je c t
o f  c o n t r o v e r s y .  How ever, th e  n a tu r e  o f  th e  v o l a t i l e  p r o d u c ts  has
le d  to  g e n e r a l  ag reem en t on a num ber o f  p o i n t s .  The m echanism  o f
d e g ra d a t io n  u s u a l ly  p ro p o se d  in v o lv e s  b o th  i n t r a  and i n te r - m o le c u la r
4 4 ,4 5 ,4 6 ,4 7
t r a n s f e r  r e a c t i o n s  i n  a d d i t io n  to  a s im p le  d e p o ly m e r is a t io n  r e a c t i o n ,
b u t  th e  ways i n  w hich th e s e  v a r io u s  r e a c t i o n s  a r e  i n i t i a t e d  h a v e , as
y e t ,  n o t  b een  r e s o lv e d  c o m p le te ly .
48J e l l i n e k  f i r s t  p ro p o se d  t h a t  "weak l in k s "  a r e  p r e s e n t ,  and t h i s  id e a
4 9 ,5 0
was more th o ro u g h ly  i n v e s t i g a t e d  by  G r a s s ie  and  K e rr  and  Cameron and 
5 1,5 2 ,5 3
G ra s s ie  . A lth o u g h  th e s e  a u th o r s  d id  o b ta in  e v id e n c e  to  s u g g e s t
t h a t  "w eak l in k s "  m ig h t be  a s s o c i a te d  w ith  u n s a tu r a te d  s t r u c t u r e s ,
54
Cameron and  K e rr  have s u g g e s te d  t h a t  th e  "weak l i n k s "  a r i s e  from  
o x y g e n a te d  g ro u p s , p ro b a b ly  p e ro x id e  l in k s ,  w hich  hav e  become in c o r ­
p o r a te d  i n t o  th e  p o ly m er c h a in  d u r in g  p o ly m e r is a t io n .  G ra s s ie  and  
. 55F a r is h  have  s tu d i e d  th e  th e rm a l d e g ra d a t io n  b e h a v io u r  o f  M M A -  S 
c o p o ly m e rs , and  th e  d e g ra d a t io n  p r o d u c ts  c o n s i s t e d  m a in ly  o f  b o th  
m onomers. S equences o f  a t  l e a s t  te n  s ty r e n e  u n i t s  w ere  n e c e s s a ry
f o r  th e  p r o d u c t io n  o f  s ty r e n e  d im e r , t r im e r  and t e t r a m e r .  In  a
56 . . . .
r e c e n t  s tu d y  Zhubanov and c o -w o rk e rs  exam ined th e  p o s s i b i l i t y  t h a t
th e  in c o r p o r a t io n  o f  V B u n i t s  i n t o  th e  po lym er c h a in  o f  p o ly s ty r e n e
57m ig h t c o n fe r  flam e r e t a r d a n c e .  H rabak e t  a l  , s t u d i e d  th e  th e rm a l 
d e g ra d a t io n  o f  copo lym ers o f  S ty re n e  and some c h lo r i n a t e d  m e th a c ry ­
l a t e s  and  a c r y l a t e s ,  and th e y  found t h a t  some i n t e r a c t i o n  may o c c u r  
be tw een  th e  comonomer u n i t s  to  p ro d u ce  m inor p r o d u c ts  su ch  a s  c h lo r o -  
benzene  and c h lo r o to lu e n e . In  th e  th e rm a l d e g r a d a t io n  o f
2 . 3 - D B P M - S  and 2 , 3 - D B P A - S  c o p o ly m e rs , th e r e  i s  no 
e v id e n c e  o f  i n t e r a c t i o n  le a d in g  to  p r o d u c ts  o f  t h i s  k in d .  From th e  
w e ig h t l o s s  and  v o l a t i l i s a t i o n  in fo r m a t io n  i t  i s  e v id e n t  t h a t  th e
2 . 3 - D B P M - S  and 2 , 3 - D B P A - S  copo lym er sy s te m s  have an 
in te r m e d ia te  s t a b i l i t y  w i th  r e s p e c t  to  th e  r e s p e c t i v e  hom opolym ers.
I t  i s  c l e a r  from  th e  r e s u l t s  g iv e n  in  T a b le  6  - 4 t h a t  th e  d e g ra d a ­
t io n  p r o d u c ts  o f  th e  2 , 3 - D B P M - S  copolymejtrs a r e  p r im a r i l y  th e  
two m onom ers, t o g e t h e r  w i th  th e  o th e r  p r o d u c ts  fo rm ed  i n  th e  d e g ra ­
d a t io n  o f  P 2 ,3  -  D B P M and p o ly s ty r e n e  hom opolym ers. The 
r e l a t i v e  am ounts o f  th e  monomers r e f l e c t  th e  ch a n g in g  copo lym er 
c o m p o s itio n . S im i la r  o b s e r v a t io n s  can  be  made a b o u t th e  d e g ra d a t io n  
p ro d u c ts  o f  2 ,3  -  D B P A -  S c o p o ly m e rs , w i th  th e  e x c e p t io n  t h a t  th e  
fo rm a tio n  o f  2 ,3  -  D B P A monomer i n c r e a s e s  a s  th e  2 ,3  -  D B P A 
c o n te n t  o f  th e  copo lym er d e c r e a s e s .  T h is  i s  c o n s i s t e n t  w i th  a  
s im i l a r  e f f e c t  o b s e rv e d  in  th e  d e g ra d a t io n  o f  2 , 3 - D B P A - M M A  
copo lym ers d e s c r ib e d  in  C h a p te r  5 and  th e  same e x p la n a t io n  seems 
a d e q u a te . The la r g e  p r o p o r t io n  o f  c o ld  r i n g  f r a c t i o n  o b ta in e d  in  
th e  d e g r a d a t io n  o f  2 ,3  -  D B P M -  S and  2 , 3 - D B P A - S  copo lym ers  
i s  e x p e c te d ,  s im p ly  r e f l e c t i n g  th e  g e n e ra l  c h a r a c t e r i s t i c s  o f  d e g ra ­
d a t io n  o f  p o ly s ty r e n e .  T h is  g iv e s  a b o u t 42% monomer , and  th e  
re m a in in g  d e g r a d a t io n  p r o d u c ts  a r e  o lig m e rs  w h ich  can  a p p e a r  a s  a  
c o ld  r in g  f r a c t i o n .  The amount o f  c o ld  r i n g  f r a c t i o n  in c r e a s e s  a s  
th e  s ty r e n e  c o n te n t  o f  th e  copo lym ers  i n c r e a s e s ,  w h ich  s u p p o r ts  th e  
above v iew .
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CHAPTER 7
THERMAL DEGRADATION o f  2 , 3 - D B P M - M A  
and 2 ,3  -  D B P A -  M A COPOLYMERS
7. 1 INTRODUCTION
The th e r m a l  d e g r a d a t i o n  o f  P M A was f i r s t  s t u d i e d  by S t r a u s  and 
58Madorsky . They found t h a t  t h e  m ain  p r o d u c t  o f  d e g r a d a t i o n  (73% by
w e ig h t )  was a low po lym er  f r a c t i o n  w i th  an  a v e ra g e  m o le c u la r  w e ig h t
o f  633 . O th e r  v o l a t i l e  p r o d u c t s  i d e n t i f i e d  w ere  m e th a n o l  (15%) ,
c a rb o n  d i o x id e  (7.5%) , m e th y l  a c r y l a t e  (0.7%) , m e th y l  m e t h a c r y l a t e
59
(0.1%) and C^ -  C^ o x y g e n a te d  compounds (3 .9 % ) .  M adorsky c o n c lu d e d  
t h a t  t h e  m echanism  o f  th e  th e rm a l  d e g r a d a t i o n  c o u ld  be e x p la i n e d  by 
d i s p r o p o r t i o n a t i o n  r e a c t i o n s .  Q u i te  s m a l l  c o n c e n t r a t i o n s  o f  copo­
ly m e r i s e d  a c r y l a t e  c an  a c t  a s  a v e ry  e f f e c t i v e  s t a b i l i s e r  f o r
40 .P M M A . I n  t h i s  c h a p te r  t h e  th e r m a l  d e g r a d a t i o n  b e h a v io u r s  o f
2 , 3 - D B P M - M A  and 2 , 3 - D B P A - M A  copo lym ers  w i l l  be 
d i s c u s s e d ,  and t h e i r  d e g r a d a t i o n  p r o d u c t s  r e p o r t e d  e i t h e r  q u a l i t a ­
t i v e l y  o r  q u a n t i t a t i v e l y .  F i n a l l y ,  mechanisms o f  d e g r a d a t i o n  
c o n s i s t e n t  w i t h  t h e  s t a b i l i t i e s  o f  t h e  copo lym ers  w i l l  be  p ro p o s e d .
7 . 2 THERMAL DEGRADATION o f  2 ,3  -  D B P M -  M A COPOLYMERS
i . M o le c u la r  W eigh ts
Number A verage  M o le c u l a r  W e ig h ts  w ere  m easu red  u s in g  a M echrolab  
h ig h - s p e e d  membrane osmom eter a s  d e s c r i b e d  i n  C h a p te r  2 .  F iv e  
copo lym ers  o f  2 , 3 - D B P M - M A  w ere  p r e p a r e d  by t h e  method o u t ­
l i n e d  i n  C h a p te r  2, and t h e i r  c o m p o s i t io n  d e te rm in e d  by th e  m ic ro ­
a n a l y s i s  and -n m r  s p e c t r o s c o p i c  t e c h n iq u e s ,  d e s c r i b e d  i n  C h a p te r  3. 
Copolymers were p r e p a r e d  w i th  83% (A ^ j ) ,  70% ,
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51% (A^^)* 28% ( ^ 2 4  ^ an(  ^ ^A25^ °^  m et i^ a c r y^a t e  monomer. The
Number A verage  M o le c u la r  W eigh ts  o f  t h e s e  copo lym ers  a r e  l i s t e d  i n  
T a b le  7 . 1. I t  was o b s e rv e d  t h a t  a s  t h e  M A c o n t e n t  i n c r e a s e d ,  th e
po lym er  became s o f t e r  and more t a c k y  and  c o n s e q u e n t ly  more d i f f i c u l t  
to  h a n d le .  Copolym ers A ^  and A^^ w ere  p o w d ers ;  copo lym ers
A2 ^ and A^^ w ere  s o f t  and t a c k y .  F o r  t h e r m a l  a n a l y s i s ,  copo lym ers  
A2 4  and A£ -^ w ere  c u t  i n t o  v e ry  s m a l l  p i e c e s  to  s i m u l a t e  a  pow der.










i i .  Therm al V o l a t i l i s a t i o n  A n a l y s i s  (T V A)
The T V A t r a c e s  o f  copo lym ers  A^2 » ^ 2 ¥  A2 ^ and  A^  a r e
shown i n  f i g u r e s  7. 1, 7 . 2 ,  7 . 3 ,  7 .4  and 7 .5  r e s p e c t i v e l y .  T here  
a r e  two d i s t i n c t  p e a k s ;  t h e  se co n d  p eak  becomes more im p o r ta n t  a t  
h i g h e r  c o n c e n t r a t i o n s  o f  M A i n  th e  copo lym er .  V o l a t i l i s a t i o n  
s t a r t s  a t  246°C and r e a c h e s  maxima a t  330°C and 391°C. A l l  th e  
t r a c e s  a r e  s e p a r a t e d  to  some e x t e n t  i n  e a ch  p e a k ,  s u g g e s t i n g  t h a t  
p r o d u c t s  w i t h  a  ra n g e  o f  v o l a t i l i t i e s  a r e  b e in g  e v o lv e d ,  i n  a d d i t i o n  
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deep y e l lo w  a r e  form ed i n  each  c a s e ,  and s m a l l  amounts o f  r e s i d u e  
r e m a in .
i i i . T G and D S C
T G c u rv e s  f o r  2 , 3 - D B P M - M A  copo lym ers  a r e  i l l u s t r a t e d  i n  
f i g u r e  7 . 6 .  The w e ig h t  l o s s  c u rv e s  o b t a i n e d  u n d e r  n i t r o g e n  have  two 
d i s t i n c t  s t a g e s ,  t h e  r e l a t i v e  im p o r ta n c e  o f  each  s t a g e  b e in g  depend­
a n t  on th e  copo lym er c o m p o s i t io n .  T a b le  7 » 2. shows th e  p e r c e n ta g e
w e ig h t  l o s s  o f  e a ch  copo lym er i n  each  s t a g e .  The w e ig h t  l o s s  s t a r t s  
a t  250°C, and copo lym er A^  i s  more s t a b l e  t h a n  th e  o t h e r  c o p o ly m e rs .
T ab le  1 • 2 . P e r c e n ta g e  w e ig h t  l o s s  f o r  2 , 3 - D B P M - M A  copolym ers
Polymer
F i r s t s t a g e Second s t a g e
% o f  w e ig h t
T ,max °C W eight l o s s  
(%)
Tmax °C W eight l o s s  
(%)
re m a in in g  
a t  500°C
R2,3 -  
D B P M 325 84 400 4 1 2
A 2 1
330 78 390 1 0 1 2
A 2 2
340 75 395 15 1 0
A23 335 72 390
18 1 0
A24 330 42 400
46 1 2
A25 340 36
410 52 1 2
P m A 415 95 - - 5
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D S C  c u rv e s  f o r  th e  f i v e  copo lym ers  d i s p l a y i n g  two e n d o th e rm ic
peaks  a r e  i l l u s t r a t e d  i n  f i g u r e  7*7 . T v a lu e s  r a n g e  from  85°C
8
t o  40 C, d e c r e a s i n g  as  th e  M A c o n t e n t  o f  t h e  copo lym er i n c r e a s e s ,
i v . Subam bien t T V A and P r o d u c t  A n a ly s i s
The d e g r a d a t i o n  p r o d u c t s  o f  th e  2 , 3 - D B P M - M A  copolym ers  may 
be s e p a r a t e d  i n t o  f r a c t i o n s  as f o l l o w s .
a .  The n o n - c o n d e n s a b le  m a t e r i a l s  may be c o l l e c t e d  i n  a c lo s e d  sy s te m  
as d e s c r i b e d  i n  C h a p te r  2 and t h e i r  i  r  s p e c t ru m  r e v e a l s  c a rb o n  
m onoxide , m ethane  and p ropene . Hydrogen i s  d e t e c t e d  from  th e  mass 
s p e c t ru m .
b .  I n f r a - r e d  s p e c t r o s c o p y  i n d i c a t e s  t h a t  th e  c o ld  r i n g  f r a c t i o n  
c o n ta in s  p o l y m e t h a c r y l i c  a n h y d r id e  s t r u c t u r e s  and c h a in  f ra g m e n ts  
c o n t a i n i n g  m e th y l  a c r y l a t e .
C. The r e s i d u e  l e f t  on t h e  b a s e  o f  t h e  d e g r a d a t i o n  tu b e  i s  a b l a c k  
c a rb o n a c eo u s  c h a r  w i t h  no w e l l  d e v e lo p e d  a b s o r p t i o n s  i n  t h e  i  r .  
d .  C ondensab le  p r o d u c t s  w ere  s e p a r a t e d  by s u b a m b ie n t  T V A as shown 
i n  f i g u r e  7. 8 . T here  a r e  s e v e n  d i s t i n c t  p e a k s .  I  r  s p e c t r o s c o p y  
and mass s p e c t r o m e t r y  w ere  u se d  t o  i d e n t i f y  p e a k s  1, 2 and 3 , w h i l e  
g 1 c and mass s p e c t r o m e t r y  w ere  em ployed f o r  peaks  4 ,  5, 6  and 7.
The r e s u l t s  a r e  shown i n  f i g u r e s  7 .9  and 7. 10. A c o m p le te  l i s t  o f  
th e  p r o d u c t s  o f  d e g r a d a t i o n  o f  t h e  2 , 3 - D B P M - M A  copo lym ers  i s  
shown i n  T a b le  7*. 3 .  The p r o d u c t s  i n d i c a t e d  by * h av e  b een



























































































































































































































































S A T V A c u rv e s  f o r  d e g r a d a t i o n  o f  a  s i n g l e  sam ple  o f  A2 3  
copolym er ( f rom  a m b ie n t  t e m p e r a tu r e  to  s u c c e s s i v e l y  h i g h e r  
t e m p e r tu r e  a t  1 0 ° /m in  , 50 mg sam ple  s i z e ) .  Sample h e l d  
a t  e a ch  t e m p e r a tu r e  w h i l e  p r o d u c t s  w ere  c o l l e c t e d  f o r
The s t e p w is e  d e g r a d a t i o n  p r o c e d u r e ,  a s  d e s c r i b e d  p r e v i o u s l y  was 
c a r r i e d  o u t  on a s i n g l e  sam ple o f  copo lym er  i n  t h e  S A T V A
a p p a r a t u s ,  th e  t e m p e r a tu r e s  o f  t h e  s t a g e s  r a n g i n g  from  250°C to  500°C. 
The s e r i e s  o f  S A T V A c u rv e s  o b t a i n e d  i s  shown i n  f i g u r e  7* 11. The 
m e th y l  brom ide peak  f i r s t  a p p e a re d  a t  280°C, d i s p l a y i n g  two maxima a t  
330°C and 360°C. The m eth an o l  peak  f i r s t  a p p e a re d  a t  350°C and 
r e a c h e d  a maximum a t  360°C. I t  seems t h a t  m e th a n o l  p r o d u c t i o n  i s  
a s s o c i a t e d  w i th  th e  second  s t a g e  o f  d e g r a d a t i o n .  Peaks  3, 5 ,  6  and 
7 were p r e s e n t  a t  a l l  s t a g e s  from  250°C.
v .  Q u a n t i t a t i v e  M easurem ent o f  th e  D e g r a d a t io n  f ro d u c t s  
T ab le  7 .  4 p r e s e n t s  th e  q u a n t i t a t i v e  m easurem ent o f  t h e  d e g r a d a t i o n
p r o d u c t s  o f  2 , 3 - D  B P M - M A  c o p o ly m e rs ,  u s in g  i n f r a - r e d  s p e c t r o s ­
c o p ic  t e c h n iq u e s  f o r  p e a k s  1, 2 and  3 and  g 1 c t e c h n i q u e s  f o r  t h e  
p r o d u c t s  i n  p e a k s  4 , 5 ,  6  and 7. The p r o d u c t s  i n d i c a t e d  by * s h o u ld  
n o t  be r e g a r d e d  a s  b e in g  c o n c l u s i v e l y  i d e n t i f i e d .  F ig u r e  7. 12 
r e p r e s e n t s  t h e  v a r i a t i o n  i n  amount o f  CH^Br, CH^OH anc* c o ld  r i n g  
f r a c t i o n  w i th  th e  m o la r  c o m p o s i t io n  o f  th e  c opo lym ers  a f t e r  d e g ra d a ­
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7. 3 THERMAL DEGRADATION o f  2 , 3  -  D B P A -  M A COPOLYMERS
i . M o le c u la r  W eigh ts
F iv e  copo lym ers  o f  2 , 3 - D B P A - M A  were p r e p a r e d  to  5% c o n v e r s io n  
by  th e  m ethod o u t l i n e d  i n  C h a p te r  2 ,  t h e i r  b ro m in a te d  monomer c o n t e n t s  
b e in g  52% ( A ^ ) , 42% ( A ^ ) , 30% ( A ^ )  14% ( A ^ )  and 9% ( A ^ )  .
T ab le  7 • 5 p r e s e n t s  th e  Number A verage  M o le c u la r  W eigh ts  o f  t h e s e
c o p o ly m e rs .  I t  was o b s e rv e d  t h a t  t h e y  w ere  a l l  s o f t  and  t a c k y  and 
c o n s e q u e n t ly  d i f f i c u l t  t o  h a n d le .  F o r  th e rm a l  a n a l y s i s  th e y  were 
c u t  i n t o  v e ry  s m a l l  p i e c e s  to  s im u l a t e  a  pow der.
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i i . Therm al V o l a t i l i s a t i o n  A n a ly s i s  (T V A)
The T V A t r a c e s  o f  t h e  copo lym ers  A A  , A ^ ,  A^  and  A^Q a r e  
shown i n  f i g u r e s  7. 13, 7. 14, 7 .1 5 ,  7 .16  and 7. 17 r e s p e c t i v e l y .
There  a r e  two d i s t i n c t  p e a k s  i n  e a ch  c a s e ,  th e  seco n d  p eak  becom ing 
more im p o r ta n t  a t  h i g h e r  c o n c e n t r a t i o n s  o f  M A i n  th e  c opo lym er .  
V o l a t i l i s a t i o n  s t a r t s  a t  240°C, r e a c h e s  a  maximum i n  t h e  f i r s t  
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and 410°C. A l l  t h e  t r a c e s  a r e  s e p a r a t e d  to  some e x t e n t ,  s u g g e s t i n g  
t h a t  p r o d u c t s  w i th  a  ra n g e  o f  v o l a t i l i t i e s  a r e  b e in g  e v o lv e d .  I n  
a d d i t i o n ,  a  n o n -c o n d e n s a b le  f r a c t i o n ,  a  c o ld  r i n g  f r a c t i o n  and  a 
s m a l l  amount o f  r e s i d u e  a r e  fo rm ed .
i i i . T G and D S C
T G c u rv e s  f o r  th e  2 , 3 - D B P A - M A  copo lym ers  a r e  i l l u s t r a t e d  
i n  f i g u r e  7. 18. T here  a r e  two s t a g e s  o f  w e ig h t  l o s s ,  th e  r e l a t i v e  
im p o r ta n c e  o f  e a c h  s t a g e  b e in g  d e p e n d a n t  on th e  copo lym er  c o m p o s i t io n .  
T ab le  7* 6  shows th e  p e r c e n ta g e  w e ig h t  l o s s  o f  e a ch  copo lym er i n  each  
s t a g e .  The s t a b i l i t i e s  o f  t h e s e  copo lym ers  a r e  i n t e r m e d i a t e  be tw een  
th e  s t a b i l i t i e s  o f  th e  2 ,3  -  D B P A and  M A hom opolym ers.
T ab le  7 .  6 * P e r c e n ta g e  W eight Loss  and  f o r  each  s t a g e  o f
d e g r a d a t i o n  o f  2 , 3  - D  B P A - M A  Copolym ers
Polym er
F i r s t s t a g e Second s t a g e
% o f  w e ig h t  
r e m a in in g  a t  
500°CT , °Cmax W eightl o s s
(%)
T , °C max W eightl o s s
(%)
A26 340 72 430 15 13
A27 340 63 425 24 13
A28 335 45 416 46 9
A29 335 2 2 416 6 8 1 0
A30 346 2 0 416 74 6
D S C  c u rv e s  ( f i g u r e  7. 19) show two e n d o th e rm ic  p e a k s ,  be tw een  320° 
335°C f o r  th e  f i r s t  s t a g e  and b e tw een  410° -  420°C f o r  th e  second  




ID  N  00 CT> o  **■
CM CM CM t \  r o  J
/  /•
0 0  0 0 0 0 0  0 0
01 CO ^  CO LO CO CM <r-
in 





































































































o tu u e q i o p u ^
194
copolym er c o m p o s i t io n .  The g l a s s  t r a n s i t i o n  t e m p e r a tu r e  i n  e a ch  c a s e  
i s  low er  th a n  a m b ie n t  t e m p e r a t u r e .
i v .  Subam bien t T V A and P r o d u c t  A n a ly s i s
a .  The i  r  and mass s p e c t r a  r e v e a l  c a rb o n  d i o x i d e ,  m e th a n e ,  p ro p e n e  and 
h ydrogen  i n  t h e  n o n - c o n d e n s a b le  f r a c t i o n .
b .  I n f r a - r e d  s p e c t r o s c o p y  i n d i c a t e s  t h a t  th e  c o ld  r i n g  f r a c t i o n  c o n t a i n s
p o l y m e th a c r y l i c  a n h y d r id e  s t r u c t u r e s  and c h a in  f r a g m e n t s .
c .  The r e s i d u e  on th e  b a s e  o f  t h e  d e g r a d a t i o n  tu b e  h a s  no w e l l  d e f i n e d  
i  r  s p e c t r a l  f e a t u r e s  and i s  assum ed to  be  p r i n c i p a l l y  c a rb o n .
d . C ondensab le  m a t e r i a l s  were s e p a r a t e d  by s u b a m b ie n t  T V A. F ig u r e
7. 20 shows th e  se v e n  p e a k s  form ed a s  a  r e s u l t  o f  S A T V A e x p e r im e n ts  
c a r r i e d  o u t  on 2 ,3  - D B P A - M A  c o p o ly m e rs .  I  r  s p e c t r o s c o p y  and 
mass s p e c t r o m e t r y  were u se d  to  i d e n t i f y  th e  p r o d u c t s  i n  p eak s  1 , 2  and 
3 , w h i le  g 1 c and mass s p e c t r o m e t r y  were u se d  f o r  p e a k s  4 ,  5 ,  6  and 7, 
a s  shown i n  f i g u r e  7 -2 1 .  A c o m p le te  l i s t  o f  t h e  p r o d u c t s  o f  d e g r a d a t i o n  
o f  2 ,3  - D B P A - M A  copo lym ers  i s  shown i n  T a b le  7« 7. The p r o d u c t s
i n d i c a t e d  by  * have  b e e n  i n f e r r e d  from  mass s p e c t r a l  d a t a  i n  th e  a b se n c e  
o f  r e f e r e n c e  compounds f o r  c o m p a r iso n .
The s te p w is e  d e g r a d a t i o n  p r o c e d u r e  d e s c r i b e d  i n  C h a p te r  4 , was c a r r i e d  
o u t  on a s i n g l e  sam ple  o f  A Q copo lym er i n  th e  S A T V A a p p a r a t u s .  The
2 o
t e m p e ra tu re s  o f  t h e  s t a g e s  ra n g e d  from  250°C t o  500°C and th e  s e r i e s  o f  
S A T V A c u rv e s  o b t a i n e d  i s  shown i n  f i g u r e  7 .2 2 .  The m eth y l  b rom ide  
peak  f i r s t  a p p e a re d  a t  280°C, w i th  two maxima a t  330°C and 360°C. The 
m ethano l  peak  f i r s t  a p p e a re d  a t  3S0°C, a g a in  i n d i c a t i n g  i t s  a s s o c i a t i o n  
w i t h  th e  second  s t a g e  o f  d e g r a d a t i o n .
v .  Q u a n t i t a t i v e  M easurem ent o f  t h e  D e g r a d a t io n  P r o d u c t s
T ab le  7 • 8  l i s t s  t h e  r e s u l t s  o f  q u a n t i t a t i v e  m easurem ent o f  th e  d e g ra d a ­
t i o n  p r o d u c t s  o f  2 , 3 - D B P A - M A  c o p o ly m e rs .  The p r o d u c t s  i n d i c a t e d  
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F j g . 7 .2 2 .  S A T V A c u rv e s  f o r d e g r a d a t i o n  o f  a  s i n g l e  sam ple o f  A2 g 
copolym er ( from  a m b ie n t  t o  s u c c e s s i v e l y  h i g h e r  t e m p e r a tu r e  a t  10°/m in  , 
50 mg sam ple  s i z e ) .  Sample h e ld  a t  e a c h  t e m p e r a tu r e  w h i l e  p r o d u c t s  
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In  d i s c u s s i n g  th e  m echanism s o f  th e r m a l  d e g r a d a t i o n  o f  P M A,
59
Modorsky c o n c lu d e d  t h a t  b e c a u s e  l i t t l e  monomer i s  form ed th e  mechan­
ism  r e a c t i o n s  do n o t  in v o lv e  f r e e  r a d i c a l s ,  b u t  may b e  e x p la i n e d  by 
th e  f o l l o w in g  d i s p r o p o r t i o n a t i o n  r e a c t i o n
l \
-w-CH2-C-i CH2tCH-CH2-CHAAr -wCH2-C = C H 2  CH?-CH2^
I ' I  I  9- I +  I
C0 2 CH3 CO2CH3  C02CH3 CO2CH3 CO2 CH3
28
Cameron and Kane c o n c lu d e d  t h a t  t h e i r  r e s u l t s  s u p p o r t e d  M o d o rsk y 's
v iew  o f  a  random c h a in  s c i s s i o n  p r o c e s s ,  b u t  d id  n o t  e x c lu d e  th e
p o s s i b i l i t y  o f  weak l i n k s .  The same a u t h o r s  s u g g e s t e d  t h a t  th e  low-
po lym er f r a c t i o n  may be  e x p la i n e d  by  random h o m o ly t ic  b a c k -b o n e
s c i s s i o n  fo l lo w e d  by  -a f r e e  r a d i c a l  c h a in  o f  t r a n s f e r  r e a c t i o n s .
I n  th e  th e r m a l  d e g r a d a t i o n  o f  2 - b ro m o e th y l  m e t h a c r y l a t e  -  m e th y l
25a c r y l a t e  copo lym ers  G r a s s i e  and  c o -w o rk e rs  found  m e th y l  b rom ide  and
1,2 -d ib ro m o e th a n e  among th e  d e g r a d a t i o n  p r o d u c t s ,  and th e y  s u g g e s te d  
t h a t  b o th  i n t r a m o l e c u l a r  and i n t e r m o l e c u l a r  r e a c t i o n s  may o c c u r  to  
p roduce  b rom om ethyl r a d i c a l s .  The f o l l o w i n g  r e a c t i o n s  w ere  
s u g g e s te d  :
B r C H ^ - C H ^  CH2 C ^ °
(  | / C H3  =► i  / < C H 3  ' +  *CH2 8 r
/ C x  y - w  C H 2 I ^^ 2 C ^ - w -
^  C H f  \ X H {  2 C02CH3
c o 7c h 3
CH3 ? H3
^  ~ v i t C H 2 ~ C — C H 2 ‘ w _




- > 9  -f- -CH2 Br
-CH2 - C H 2Br C\ H2
-vaCH2- C - C H 2^ -  ~vvrCH2~ C—C H2 vr-
U  nJ  C02 CH3c o 2 c h 3 1 J
In  d i s c u s s i n g  th e  d e t a i l e d  r e a c t i o n  m echan ism s, i t  i s  c o n v e n ie n t  to  
c o n s id e r  th e  two copolym er sy s te m s  s e p a r a t e l y ,
i .  2 , 3 - D B P M - M A  Copolym ers
The dom inan t d e g r a d a t i o n  p r o d u c t s  a r e  2 , 3 - D B P M  monomer, and c h a in  
f r a g m e n ts .  As t h e  p r o p o r t i o n  o f  2 , 3 - D B P M  u n i t s  i n  th e  copolym er 
i n c r e a s e s ,  th e  amount o f  2 ,3  -  D B P M monomer i n  t h e  d e g r a d a t i o n  
p r o d u c t s  i n c r e a s e s ,  and th e  q u a n t i t y  o f  c h a in  f r a g m e n ts  d e c r e a s e s .
T h is  o b s e r v a t i o n  r e f l e c t s  th e  g e n e r a l  c h a r a c t e r i s t i c  mode o f  p o l y ­
m e t h a c r y l a t e  and p o l y a c r y l a t e  d e g r a d a t i o n  b e h a v io u r s .  M ethy l b rom ide  
f o rm a t io n  d u r in g  th e  d e g r a d a t i o n  o f  2 , 3 - D B P M - M A  copolym ers  
r e a c h e s  a  maximum i n  copo lym er A^^ • The m echanism  s u g g e s te d  f o r  
th e  f o r m a t io n  o f  CH^Br i s  t h e  same as  a l r e a d y  p ro p o s e d  f o r  th e
2 , 3 - D B P M - M M A  copo lym er sy s te m  and i s  b a s e d  on HBr a t t a c k  a t  
t h e  m e th y l  g roup  i n  t h e  m e th y l  a c r y l a t e  u n i t s  i n  t h e  c h a in  to  form 
C H 3 B r
H H
I I
-W“ ~~w C H2 —C v r  -W-CH2 — C-w
HBr +  0 - C = 0  -------------- >  H - O - C - O ____  H 0 - C = 0
I -  I
CH3 Br CH3
+- CH3Br
CH Br f o r m a t io n  r e a c h e s  a  maximum when th e  p r o p o r t i o n  o f  2 , 3 -  D B  P M  
3
M A bonds i n  t h e  copo lym er r e a c h e s  a  maximum showing com parab le  b e ­
h a v io u r  to  t h a t  a l r e a d y  r e p o r t e d  f o r  t h e  2 ,3  - D B P M - M M A  sy s te m .
T ab le  1» 9 p r e s e n t s  d a t a  on th e  seq u en ce  d i s t r i b u t i o n  o f  monomer
38u n i t s  i n  th e  copo lym ers  u s in g  H arw ood 's  e q u a t i o n  , w h ich  r e q u i r e s
H
I
“ w C H ?— C
203
r e a c t i v i t y  r a t i o  v a l u e s ,  monomer m ix tu r e  c o m p o s i t io n s  and copo lym er
2 , 3 - D B P M - M A  bonds th a n  th e  o t h e r  copo lym ers  a n d ,  a s  h a s
c o p o ly m e rs .M e th a n o l  i s  form ed d u r in g  th e  d e g r a d a t i o n  o f  P M A as  a
r e s u l t  o f  t h e  f o r m a t io n  o f  an a lk o x y  r a d i c a l  . G r a s s i e  found  t h a t  
t h r e e  a d j a c e n t  m e th y l  a c r y l a t e  u n i t s  a r e  r e q u i r e d  f o r  t h e  f o rm a t io n  
o f  m e th a n o l .  In  th e  same way, i n  th e  d e g r a d a t i o n  o f  2 , 3  -  D B P M -  
M A c o p o ly m e rs ,  m e th a n o l  can  be  form ed a s  a  r e s u l t  o f  a lk o x y  r a d i c a l  
f o rm a t io n .  As an a l t e r n a t i v e ,  m e th a n o l  can  a l s o  be  form ed by  a t t a c k  
o f  HBr on th e  m e th y l  g roup  i n  m e th y l  a c r y l a t e  a s  d e s c r i b e d  e a r l i e r  
f o r  th e  2 , 3 - D B P M - M M A  copolym er sy s te m .
c o m p o s i t io n  d a t e .  These  d a t a  show t h a t  th e  copo lym er h a s  more




-w-CH2 —C— CH2 —C-w- I I^ ^ C H 2— C—  C H 2— C-w- Br
I I +
0  =  C - 0  C — 0 - H
I II >
c h 3 0  CH3
HBr -f-
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As i n d i c a t e d  i n  f i g u r e  7. 1 1 th e  m e th y l  b rom ide  peak  shows two maxima, 
s u g g e s t i n g  t h a t  t h e r e  a r e  two d i s t i n c t  mechanism s r e s p o n s i b l e  f o r  i t s  
f o r m a t io n .  I t  would be  e x p e c t e d  t h a t  t h e  c o n c e n t r a t i o n  o f  p o l y -  
m e t h a c r y l i c  a n h y d r id e  s t r u c t u r e s  would a l s o  r e a c h  a maximum i n  copo­
lym er k u t  t h i s  i s  d i f f i c u l t  to  c o n f i r m ,  s in c e  t h e  c o ld  r i n g
f r a c t i o n  c o n ta i n s  c h a in  f ra g m e n ts  o t h e r  th a n  th o s e  o f  th e  a n h y d r id e  
t y p e .  The s t a b i l i t y  o f  th e  copo lym ers  i s  i n t e r m e d i a t e  be tw een  
P 2 ,3  -  D B P M and P M A homopolymers a s  shown i n  f i g u r e  7 .6 .  I t  
i s  c l e a r  t h a t ,  even  when s t a b i l i s i n g  a n h y d r id e  l i n k a g e s  have  form ed 
i n  th e  d e g ra d in g  c o p o ly m e rs ,  t h e i r  e f f e c t  i s  s t i l l  n o t  g r e a t  enough 
to  g iv e  s t a b i l i t y  com parab le  to  t h a t  o f  P M A i t s e l f .  A l l  o t h e r  
p r o d u c t s  form ed i n  th e  d e g r a d a t i o n  o f  P 2 ,3  -  D B P M and P M A 
homopolymers a r e  form ed a l s o  i n  t h e  d e g r a d a t i o n  o f  2 ,3  - D B P M - M A  
c o p o ly m e rs ,  th e  d i f f e r e n t  p e r c e n t a g e s  d e p e n d in g  on th e  copo lym er 
c o m p o s i t io n .  The y i e l d  o f  m e th y l  a c r y l a t e  monomer i n c r e a s e s  w i t h
d e c r e a s in g  c o n c e n t r a t i o n s  o f  a c r y l a t e  i n  t h e  copo lym er.  T h is  e f f e c t
. 24was a l s o  o b s e rv e d  by  G r a s s i e  i n  t h e  d e g r a d a t i o n  o f  M M A -  M A 
c o p o ly m e rs .
i i .  2 , 3  -  D B P A - M A  Copolymers
The dom inan t d e g r a d a t i o n  p r o d u c t s  a r e  m e th y l  brom ide and  a  c o ld  r i n g  
f r a c t i o n  w hich  c o n t a i n s  p o l y m e t h a c r y l i c  a n h y d r id e  s t r u c t u r e s  and 
c h a in  f r a g m e n ts .  A l l  o t h e r  p r o d u c t s  form ed i n  t h e  d e g r a d a t i o n  o f  
P 2 ,3  -  D B P A and  P M A homopolymers a r e  form ed a l s o  i n  th e  d e ­
g r a d a t i o n  o f  2 , 3 - D B P A - M A  c o p o ly m e rs ,  t h e  d i f f e r e n t  p e r c e n t ­
ages  d ep e n d in g  on th e  copo lym er c o m p o s i t io n .  M ethy l b rom ide  formed, 
d u r in g  th e  d e g r a d a t i o n  o f  2 , 3 - D B P A - M A  copo lym ers  i s  th o u g h t  































CO CO r-> m
VO 00 CTi
• • • • •




















ra a) m m m i n
c B CM CO vO r«. CM
o VO VO in oo CM










m CO 00 m mr-- r-. 00 CM m
• • • • •
00 VO CM vO











m LO m m
CM CO VO CM
VD v D m 00 CM
• • • » •
■p'» 00 CO o o
00 oo o VD <—>
■ m■ r-■ 001 cr>1
CM
i
CM o 1 CTvm CO





a t t a c k i n g  th e  m e th y l  g roup  o f  a  M A u n i t  to  form  CH^Br. Copolymer 
p ro d u c e s  25.3% o f  CH^Br on d e g r a d a t i o n ;  t h i s  i s  more th a n  any 
o f  th e  o t h e r  c o p o ly m e rs ,  and  a g a in  A^^ i s  s e en  t o  have  more 2 ,3  -  
D B P A - M A  bonds th a n  th e  o t h e r  c o p o ly m e rs .  T ab le  7 .  10 c o n ta i n s
th e  se q u en c e  d i s t r i b u t i o n  d a t a  f o r  a l l  th e  c o p o ly m e rs .  M ethano l 
f o rm a t io n  can be e x p la i n e d  u s in g  th e  same m echanism  as  f o r  t h e  2 ,3  -  
D B P M -  M A copolym er sy s te m . Carbon d i o x id e  p r o d u c t i o n  shows a 
f a i r l y  c o n s t a n t  y i e l d  a t  d i f f e r e n t  copo lym er c o m p o s i t i o n s ,  and t h i s  
i s  n o t  s u r p r i s i n g  i n  v iew  o f  t h e  f a c t  t h a t  t h e  CO^ y i e l d s  from  P 2 ,3  -  
D B P A and P M A homopolymers a r e  n e a r l y  th e  same. The mechanism  
s u g g e s te d  f o r  CC> 2  f o rm a t io n  d u r in g  th e  d e g r a d a t i o n  o f  P M i s
r e p r e s e n t e d  as  f o l l o w s : -
H r u  C 0 2CH3 h  CH? ? ° 2 CH3 V f 0 ^ " 3
CH2- i /  N - C H ^  CH2 - 9 ^  X C - CH2w  " r C H r ? ' C H 2 ' l ' C H 2 W
I  >  1  . c h 3 CH3
q ^ c \ 0 / C H 3  0 "  X ( 3  + C 0 2
The m echanism , t o g e t h e r  w i th  t h a t  s u g g e s t e d  e a r l i e r  f o r  CO^ f o rm a t io n  
d u r in g  th e  d e g r a d a t i o n  o f  P 2 ,3  -  D B P A, a r e  s u f f i c i e n t  to  e x p l a i n  
CO  ^ f o r m a t i o n .  The p r o d u c t i o n  o f  e i t h e r  monomer i s  g r e a t e s t  when 
i t s  c o n c e n t r a t i o n i n  th e  copo lym er i s  s m a l l e s t .  The s t a b i l i t y  o f  
th e s e  c opo lym ers  a r e  i n t e r m e d i a t e  b e tw een  P 2 ,3  -  D B P A and  P M A 
homopolymers a s  shown i n  f i g u r e  7 .1 8 .  A gain  th e  s t a b i l i t y  im p a r te d  
to  th e  d e g r a d in g  copo lym ers  by  a n h y d r id e  s t r u c t u r e s  i s  i n s u f f i c i e n t  
to  g iv e  s t a b i l i t y  com parab le  to  t h a t  o f  P M A i t s e l f .
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CHAPTER 8
THERMAL DEGRADATION o f  BLENDS o f  P 2 ,3  -  D B P M
and P 2 ,3  -  D B P A w i t h  P M M A and P M A
8. 1 INTRODUCTION
I n  C h a p te rs  5 and 7, i t  h a s  b e e n  shown t h a t  th e  th e r m a l  d e g r a d a t i o n  
b e h a v io u r  o f  2 ,3  - D  B P  M and 2 ,3  -  D B P A u n i t s  can be g r e a t l y
i n f l u e n c e d  by th e  p r e s e n c e  o f  M M A and M A g roups  i n  t h e  copo lym er
c h a in .  I n  t h i s  c h a p t e r  a s tu d y  w i l l  be  d e s c r i b e d  o f  some po lym er  
b le n d s  i n  o r d e r  t o  compare th e  d e g r a d a t i o n  b e h a v io u r s  o f  t h e s e  b le n d s  
w i t h  th o s e  o f  t h e  c o p o ly m e rs ,  and  to  d e te r m in e  w h e th e r  t h e r e  i s  any 
e v id e n c e  o f  i n t e r a c t i o n  be tw een  th e  po ly m ers  i n  th e  b le n d s .  P 2 , 3 -  
D B P M - P M M A ,  P 2 , 3 - D B P M - P M A ,  P 2 ,3  - D B P A - P M M A  
and P 2 ,3  - D B P A - P M A  b le n d s  w ere  s t u d i e d  by th e  T V A and 
S A T V A t e c h n i q u e s ,  t h e i r  d e g r a d a t i o n  p r o d u c t s  r e p o r t e d  e i t h e r  
q u a l i t a t i v e l y  o r  q u a n t i t a t i v e l y .  The b l e n d s  w ere  s t u d i e d  i n  th e  
form  o f  t h i n  f i l m s  c a s t  on to  t h e  b o t to m  o f  t h e  d e g r a d a t i o n  tu b e  by  
th e  m ethod o u t l i n e d  i n  C h a p te r  2 .  Only 1 : 1 b le n d s  (by w e ig h t )  
were i n v e s t i g a t e d ,  e a c h  f i l m  b e i n g  p r e - h e a t e d  to  120°C f o r  one h o u r  
t o  remove r e s i d u a l  s o l v e n t .  I n  t h i s  way t r a n s p a r e n t  f i l m s  were 
o b t a in e d  i n d i c a t i n g  r e a s o n a b le  c o m p a t i b i l i t y  w i th  good d i s p e r s i o n  
o f  t h e  two p o ly m er  p h a s e s .
8. 2 THERMAL METHODS OF ANALYSIS
i .  Therm al V o l a t i l i s a t i o n  A n a l y s i s  (T V A)
F i lm  sam ples  (25 mg o f  each  po lym er)  were h e a t e d  from  am b ie n t  tem p e r ­
a t u r e  to  500°C a t  10°C/m in. T V A t r a c e s  o f P 2 , 3 - D  B P M - P M M A ,  
P 2 ,3  -  D B P M - P M A ,  P 2 ,3  -  D B P A -  P M M A and  P 2 ,3  - D B P A -  
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In  e a ch  c a s e  t h e r e  a r e  two d i s t i n c t  p e a k s  w i t h  a  s e p a r a t i o n  o f
t r a c e s  w hich  i n d i c a t e s t h a t  t h e r e  a r e  p r o d u c t s  w i t h  a  wide r a n g e  o f
v o l a t i l i t i e s .  T here  i s  a l s o  a c o n s i d e r a b l e  amount o f  n o n - c o n d e n s a b le
m a t e r i a l  as  w e l l  a s  a  y e l lo w  c o ld  r i n g  f r a c t i o n  and a s m a l l  amount o f
r e s i d u e .  The t e m p e r a t u r e s  o f  T f o r  e a ch  peak  a r e  shown on th emax
t r a c e s ,  w hich  a r e  com parab le  t o  th o s e  o f  t h e  c o r r e s p o n d in g  co p o ly m e rs ,
i i .  S ubam bien t T V A and P r o d u c t  A n a ly s i s
Subam bien t T V A was c a r r i e d  on th e  v o l a t i l e  p r o d u c t s  from  e a ch  f i l m  
sam ple . The c o n d e n sa b le  v o l a t i l e  p r o d u c t s  were exam ined  by  i n f r a ­
r e d  s p e c t r o s c o p y  and mass s p e c t r a .  The l i q u i d  p r o d u c t s  w ere  exam ined  
by g 1 c and mass s p e c t r a .  F ig u r e  8 .5  shows t y p i c a l  s u b a m b ie n t  T V A 
t r a c e s  e a c h  o f  w hich  e x h i b i t s  seven  p e a k s .  I t  was o b s e rv e d  t h a t  
m e thy l  b rom ide  and m e th a n o l  a r e  form ed i n  t h e  d e g r a d a t i o n  p r o d u c t s  
s u g g e s t i n g  t h a t  some i n t e r a c t i o n  o c c u rs  b e tw e en  th e  two p o ly m e rs .  
T a b le s  8. 1 and 8. 2 p r e s e n t  th e  r e s u l t s  o f  q u a n t i t a t i v e  a n a l y s i s  o f  
t h e  d e g r a d a t i o n  p r o d u c t s  from  t h e s e  b l e n d s .  The p r o d u c t s  i n d i c a t e d  
by  * s h o u ld  be r e g a r d e d  a s  s p e c u l a t i v e  and have  n o t  b e e n  c o n f i rm e d  by 















F i g . 8.5. S A T V A t r a c e s f o r  t h e  d e g r a d a t i o n  p r o d u c t s  o f
a .  P 2 ,3  - D B P M - P M M A  b .  P 2 ,3  - D B P M - P M A
c ,  P 2 ,3  -  D B P A - P M M A  d .  P 2 ,3  -  D B P A - P M A  b le n d s .
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T ab le  8 .  1 Q u a n t i t a t i v e  A n a ly s i s  o f  t h e  P r o d u c ts  o f  D e g r a d a t io n
o f  P 2 ,3  - D B P M - P M M A  and P 2 ,3  - D B P M - P M A  
B lends  (20° -5 0 0 °C , a t  10°C/min ) .
P r o d u c t P 2 ,3  - D B P M - P 2 ,3  - D B P M -
P M M A  b le n d P M A  b le n d
Wt.(7o)
HBr 2 .9 3. 1
C02 1.2 4- 5 .2
P ropene 0 . 1 0 .2
CH3Br 3 .5 3 .8
A l l y l  b rom ide 1 .2 1 .2
ch3oh 0 .4 3 .9
M M A (monomer) 43. 1 t r a c e
M A (monomer) - 1 .4
h2° t r a c e t r a c e
B r2 2 .0 1 .7
M e th a c r y l i c  a c i d t r a c e t r a c e
A l l y l  m e t h a c r y l a t e 1.5 1 .7
1,2 -  d ib rom opropane 0 .2 0 .2
I s o m e r ic  d ib ro m o p ro p en es 0 .3 0 .4
I s o m e r i c  m onobrom opropenyl
m e t h a c r y l a t e s  * 0 .6 0 .5
2 ,3  -  D B P M (monomer) 2 9 .3 28 . 1
C R F (P o ly  m e t h a c r y l i c f
a n h y d r id e ) 8 .5 3 8 .9
R es idue 4 4
T o t a l  p r o d u c t s  i d e n t i f i e d 9 8 .8 9 4 .3
f  C R F c o n ta i n s  P o l y m e t h a c r y l i c  a n h y d r id e  + c h a in  f r a g m e n ts .
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T ab le  8« 2 Q u a n t i t a t i v e  A n a l y s i s  o f  t h e  P r o d u c ts  o f  D e g r a d a t io n
o f  P 2 ,3  - D B P A - P M M A  and P 2 ,3  -  D B P A -  P M A 
b l e n d s  (2 0 ° -5 0 0 °C , a t  10°C/min ) .
P r o d u c t P 2 ,3  - D B P A -  
P M M A  b le n d
Wt. i
P 2 ,3  -  D B P A -  
P M A b le n d
l o t
HBr 9 .5 8.1
co_ 4 .6 7 .42
Propene 0 .2 0 .2
CH3Br 12.7 13.9
A l l y l  b rom ide 4 .8 4 .5
Me OH 0 .7 4 .0
M M A (monomer) 31 .6 t r a c e
M A (monomer) - 1 .3
h2o t r a c e t r a c e
M e th a c r y l i c  a c id t r a c e t r a c e
P r o p - l - e n - 3 - o l  * 0 .4 0 .4
M o n o b ro m o p ro p - l -e n -3 -o l  * 0 .3  • 0 .4
1,2 -  d ib ro m o p ro p a n e 1 .3 0 .9
2 ,3  -  d ib ro m o p ro p - l - e n e 2 .0 2 .1
1,2 -  d ib ro m o p ro p - l - e n e 2 .1 2 .2
I s o m e r ic  monobrom opropenyl
a c r y l a t e s  * 2 .6 2 .0
2 ,3  -  d ib r o m o p r o p a n - l - o l 2 .5 2 .0
I s o m e r ic  d im e r ic  s p e c i e s
b a s e d  on a l l y l  a c r y l a t e s  * 0 .9 0 .7
2 ,3  -  D B P A (monomer) 1.2 1.1
2 , 3 - D B P M t r a c e t r a c e
C R F (P o ly  m e t h a c r y l i c
a n h y d r id e  + c h a in  f ra g m e n t) 15.9 4 3 .6
R es idue 3 4
T o ta l  p r o d u c t 9 8 .3 9 8 .8
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8. 3 DISCUSSION
The f o r m a t io n  o f  m e th y l  brom ide and m e th a n o l  i n  t h e  d e g r a d a t i o n  o f  
p o ly b le n d s  r e v e a l s  t h a t  i n t e r a c t i o n  t a k e s  p l a c e  b e tw een  b o th  th e  
b ro m in a te d  p o ly m e rs  and P M M A as  w e l l  a s  P M A d u r in g  d e c o m p o s i t io n  
o f  th e  b l e n d s .
In  th e  c o p o ly m e rs ,  b o t h  monomers a r e  p a r t  o f  an  i n t e g r a t e d  m o le c u la r
sys tem  w i t h  n e ig h b o u r in g  u n i t s  a b l e  to  p a r t i c i p a t e  i n  b o th  i n t r a  and
i n t e r  m o le c u la r  r e a c t i o n s .  I n  th e  p o ly b le n d  s y s te m , how ever ,  o n ly
th e  l a t t e r  ty p e  o f  r e a c t i o n  i s  p o s s i b l e  and may o n ly  o c c u r  a t  th e
p h ase  b o u n d a r i e s .  T hus , th e  c o m p a t i b i l i t y  and d i s p e r s i o n  p r o p e r t i e s
o f  th e  p o l y b le n d  m ust be  an  im p o r t a n t  f a c t o r  i n  t h e  p r o d u c t i o n  o f
35m ethy l  b rom ide  and m e th a n o l .  M c N eil l  e t  a l  , s u g g e s t e d  t h a t  any
i n t e r a c t i o n s  be tw een  p o ly m e rs  i n  a  b l e n d  m ust t a k e  i n t o  a c c o u n t  th e
p h y s i c a l  s t a t e  o f  t h e  s y s te m ,  and  u n d e r  c e r t a i n  c o n d i t i o n s  i n  
61 62s o l u t i o n  a l s o  * . He found  t h a t  t h e  c o m p a t i b i l i t y  o f  a  po lym er
p a i r  i s  d e p e n d a n t  on a  number o f  f a c t o r s ,  i n c l u d i n g  c h e m ic a l  s t r u c t u r e ,  
m o le c u la r  w e i g h t s ,  t e m p e r a t u r e ,  and ( f o r  s o l u t i o n )  c o n c e n t r a t i o n .  Up 
to  th e  p r e s e n t  t im e ,  no way h a s  b e e n  found  to  overcome th e  m u tu a l  
i n c o m p a t i b i l i t y  o f  u n l i k e  m a c r o m o le c u le s .  I t  m ust be a c c e p t e d ,  
th e re fo re , ,  t h a t  any p o ly m er  b l e n d  w i l l  n o t  form  a  t r u e  m ix t u r e ,  and 
c e r t a i n l y  n o t  a  s o l i d  s o l u t i o n .  I n  th e  s o l i d  s t a t e ,  s m a l l  r e g i o n s  
o r  m i c e l l e s  o f  one p o ly m er  w i l l  be  d i s t r i b u t e d  th ro u g h o u t  t h e  m a t r i x  
o f  th e  se co n d  p o ly m e r .  Any c h e m ic a l  i n t e r a c t i o n  w hich  t a k e s  p l a c e  
betw een  th e  com ponents i n  su ch  a  s y s te m  m ust e i t h e r  t a k e  p l a c e  a t  
phase  b o u n d a r i e s ,  o r  i n v o lv e  t h e  d i f f u s i o n  o f  a s p e c i e s  f o r a e d  i n  
one p h ase  i n t o  th e  seco n d  p h a s e .  I n  th e  l a t t e r  c a s e ,  th e  s m a l l e r  
th e  d i f f u s i n g  s p e c i e s ,  th e  more e a s i l y  w i l l  be  a b l e  to  d i f f u s e  th ro u g h
th e  po lym er  n e tw o rk .  Thus R ic h a rd s  and S a t l e r  b e l i e v e  t h a t  th e
s p e c i e s  i n i t i a t i n g  breakdow n o f  p o l y s t y r e n e ,  when i t ' i s  p r e s e n t  i n
a b l e n d  w i t h  p o ly  ( o c -  m e t h y l s t y r e n e )  a r e  low m o le c u la r  w e ig h t
r a d i c a l s ,  a r i s i n g  from  co m p le te  u n z ip p in g  o f  th e  c h a in  i n  th e  l a t t e r
p o ly m e r ,  r a t h e r  th a n  m a c r o r a d i c a l s .  The i n t e r a c t i o n  o f  a po lym er
r a d i c a l  w i t h  a  po ly m er  m o le c u le  o f  a n o th e r  ty p e  c a n n o t  be r u l e d  o u t
.64i n  a l l  c a s e s ,  how ever ,  s i n c e  M iz u ta n i  showed t h a t  b lo c k  and g r a f t  
copo lym ers  w ere  form ed i n  d e g r a d a t i o n  o f  b l e n d s  o f  p o ly p ro p y le n e  
w i t h  o t h e r  p o ly m e rs .  The m echanism s o f  f o rm a t io n  o f  m e th y l  b rom ide  
and m e th a n o l  from  th e  b le n d s  may a l s o  be  a c c o u n te d  f o r  on th e  b a s i s  
o f  a t t a c k  by HBr on th e  m e th y l  g ro u p s  i n  th e  p o l y m e th a c r y l a t e s  and 
p o l y a c r y l a t e s  by  th e  mechanisms d e s c r i b e d  i n  C h a p te r s 5 and 7.
From t a b l e s  8 • 1 and 8 • 2 i t  i s  o b v io u s  t h a t  n o t  a l l  HBr a t t a c k s
th e  e s t e r  g ro u p s  i n  p o l y m e th a c r y l a t e  and p o l y a c r y l a t e ,  s i n c e  some 
rem ain  among t h e  d e g r a d a t i o n  p r o d u c t s .  T h is  can be  e x p l a i n e d  i n  
term s o f  t h e  i n c o m p a t i b i l i t y  o f  t h e  b l e n d s .
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CHAPTER 9
GENERAL CONCLUSIONS and SUGGESTION o f  FUTURE WORK 
9 . 1 GENERAL CONCLUSIONS
I n  th e  l i g h t  o f  t h e  e x p e r i m e n t a l  r e s u l t s  d e s c r i b e d  i n  p r e v io u s  
c h a p t e r s ,  a  number o f  i n t e r e s t i n g  c o n c lu s i o n s  may be  drawn.
i .  The r e a c t i v i t y  r a t i o s  o f  d ib r o m in a t e d  m e t h a c r y l a t e  and a c r y l a t e  
e s t e r s  w i t h  m e th y l  m e t h a c r y l a t e ,  s t y r e n e  and  m e th y l  a c r y l a t e  were 
d e te rm in e d  and  a r e  p r e s e n t e d  i n  T a b le  3 .  3. Two d i f f e r e n t  t e c h ­
n iq u e s  w ere  u s e d , .n a m e ly  m i c r o a n a l y s i s  and N M R s p e c t r o s c o p y ,  which 
a r e  i n  good a g re e m e n t .
i i .  P 2 ,3  -  D B P M d e p o ly m e r i s e s  to  y i e l d  monomer a s  a  m a jo r  p r o d u c t .  
A s m a l l  amount o f  e s t e r  d e c o m p o s i t io n  o c c u r s  t o  p ro d u c e  HBrjCC^j 
a l l y l  b ro m id e ,  b ro m in e ,  a n h y d r id e  and o t h e r  q u i t e  complex p r o d u c t s .  
The m a jo r  p r o d u c t s  o f  d e g r a d a t i o n  o f  P 2 ,3  -  D B P A a r e  HBrjCO^ > 
a l l y l  b ro m id e ,  2 ,3  -  d i b r o m o p r o p a n - l - o l ,  d ib rom opr  o p e n s  > c h a in  
f ra g m e n t  and  a l s o  some q u i t e  complex p r o d u c t s .
i i i .  An i n t e r a c t i o n  t a k e s  p l a c e  be tw een  th e  b r o m in a te d  monomer and 
M M A d u r i n g  th e  d e c o m p o s i t io n  o f  t h e  c o p o ly m e rs ,  l e a d i n g  to  m e th y l  
b ro m id e ,  m e th a n o l  and a n h y d r id e  s t r u c t u r e s .  The y i e l d s . o f  m e th y l  
b ro m id e ,  m e th a n o l  and a n h y d r id e  i s  a t  a  maximum . when th e  number o f  
a d j a c e n t  2 , 3  — D B P M —M M A  or  2 , 3  — D B P A —M M A  bonds i s  a t  
a  maximum. The m echanism s s u g g e s t e d  f o r  t h e  f o r m a t io n  o f  th e s e  
p r o d u c t s  i s  b a s e d  upon t h e  a t t a c k i n g  p r o p e r t i e s  o f  HBr on th e  e s t e r  
g roups i n  m e th y l  m e t h a c r y l a t e .
i v .  The th e r m a l  s t a b i l i t y  o f  t h e s e  copo lym ers  a l s o  r e a c h e s  a  maximum, 
when a n h y d r id e  f o r m a t io n  i s  a t  a  m ax im u m ,su g g es t in g  t h a t  a n h y d r id e
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fo rm a t io n  h a s  a  s t a b i l i s i n g  e f f e c t  on th e  d e p o ly m e r i s a t i o n  r e a c t i o n .
v .  T here  i s  no  e v id e n c e  o f  i n t e r a c t i o n  be tw een  th e  monomers i n  
2 ,3  -  D B P M -  S and  2 , 3 - D B P A - S  c o p o ly m e rs ,  and th e  s t a b i ­
l i t i e s  o f  t h e s e  copo lym ers  a r e  i n t e r m e d i a t e  be tw een  th o s e  o f  th e  
hom opolym ers .
v i .  I n t e r a c t i o n  a l s o  o c c u rs  d u r in g  th e  d e g r a d a t i o n  o f  2 , 3  -  D B P M -  
M A and 2 , 3 - D B P A - M A  copo lym ers  l e a d i n g  t o  m e th y l  b ro m id e ,  
m e th a n o l  and  a n h y d r i d e .  A gain  t h e s e  p r o d u c t s  a r e  a t  a  maximum
when th e  p r o p o r t i o n  o f  a d j a c e n t  2 , 3 - D B P M - M A  and 2 , 3 - D B P A -  
M A bonds a r e  a t  a  maximum.
v i i .  The th e r m a l  s t a b i l i t y  o f  t h e s e  copolym ers a r e  i n t e r m e d i a t e  be tw een  
th o s e  o f  t h e  hom opolym ers. I t  seems t h a t  P M A i s  more s t a b l e  th a n  
th e  copo lym er even  when th e  copo lym er  c o n ta i n s  some a n h y d r id e .
v i i i .  I n t e r a c t i o n  a l s o  o c c u r  d u r in g  th e  d e g r a d a t i o n  o f  b l e n d s  o f  th e  
b ro m in a te d  p o ly m e rs  w i t h  P M M A  and P M A r e s u l t i n g  a g a in  i n  t h e  f o r ­
m a t io n  o f  m e th y l  b ro m id e ,  m e th a n o l  and a n h y d r id e .
9. 2 SUGGESTION FOR FUTURE WORK
A s tu d y  o f  t h e  c hanges  i n  th e  m o le c u la r  w e ig h t  o f  t h e  homopolymers 
and th e  c o po lym ers  a t  d i f f e r e n t  t e m p e r a tu r e  c o u ld  p r o v id e  u s e f u l  i n ­
f o rm a t io n  a b o u t  t h e  n a t u r e  o f  d e c o m p o s i t io n s  w hich  o c c u r  i n  t h e s e  
p o ly m e rs .
I t  would  a l s o  be  a p p r o p r i a t e  t o  s tu d y  th e  o x i d a t i o n  and  p h o t o -  
d e g r a d a t i o n s  o f  t h e s e  p o ly m e rs .
I t  w i l l  a l s o  b e  im p o r t a n t  to  s tu d y  th e  f l a m m a b i l i t y  p r o p e r t i e s  o f  
t h e s e  m a t e r i a l s  i n  o r d e r  t o  a s s e s s  t h e  e f f e c t i v e n e s s  o f  b rom ine  atoms 
i n  th e  po ly m er  s t r u c t u r e  as  a  f i r e  r e t a r d i n g  a g e n t .
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